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MIL-STD-1472D

FOREWORD

1. This Military Standard has been approved far use by all Departments
and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commander, US Awny Missile Command, ATTN: AMSMI-Rt)-SE-TD-ST,
Redstone Arsenal, AL 35898-5270, by using the self-addressed Standardization
Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter.

3. This standard establishes general human engineering criteria for
design and development of Military systems, equipment and facilities.
Its purpose is to present human engineering design criteria, principles and
practices to be applied in the design of systems, equipment and facilities
so as to:

a. Achieve required performance by operator, control and maintenance
personnel.

b. Minimize skill and personnel requirements and training time.

c. Achieve required reliability of personnel-equipment combinations.

d. Foster design standardization within and among systems.

4. This standard does not alter requirements for system development
participation of human engineering specialists to interpret and implement
these practices and to provide solutions to human engineering problems which
arise and which are not specifically covered herein.

5. The use of the words “shall,” “should,” ;hay,Itand “will” in this
standard is in accordance w“th MIL-STD-962, wherein “shall” expresses a
provision that is binding, “should” and “may” express nortmandatory provisions,
and “will” expresses a declaration of purpose or simple futurlty.

6. Requirements herein are expressed in the International System of units
(S1). As a convenience, the metric units are accompanied by their approximate
customary system equivalents (in parentheses). Angular measure is expressed
in radians or milliradians, except for 45°, 90°, 180°, 360°, etc., which are
shown as multiples or divisions of r radians.
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HUMAN ENGINEERING DESIGN CRITERIA FOR MILITARY

SYSTEM, EQUIPMENT AND FACILITIES

1. SCOPE

1.1 Scope. This standard establishes general human engineering design
} criteria for military systems, subsystems, equipment and facilities.

1.2 Pu~pose. The purpose of this standard is to present human engineering
design criteria, principles, and practices to achieve mission success through
integration of the human into the system, subsystem, equipment, and facility,
and achieve effectiveness, simplicity, efficiency, reliability~ and safety of
system operation, training, and maintenance.

1.3 Application. This standard shall be applied to the design of all
systems, subsystems, equipment and facilities. Nothing in this standard shall
be construed as limiting the selection of hardware, materials, or processes to
the specific items described herein. Unless otherwise stated in specific
provisions, this standard is applicable to design of systems, subsystems,
equipment and facilities for use by both men and women. This standard is not
intended tO be a criterion for limiting use of materiel already in the field
in areas such as lift repetition or temperature exposure time. Where the
procuring activity establishes use by male personnel exclusively, the
following paragraphs are changed as noted below:

Paragraph

3.1
5.2.1.4.11
5.4.4.2
5.4.4.3
5.6.1
5.7.2.2
5.7.2.3
5.7.2.4
5.7.2.5
5.7.2.5
5.7.3.4.2
5.7.3.6
5.7.3.7
5.7.3.7

5.7.3.9
5.7.3.10
5.7.6.1.4

Line

9
3

41115
5-7
4
3

3&4
3

2&3
3&4
2
3

2&3
3
3
2

2&3

From To

female
635 mm (25 in)
which ...adjustment)
The,...adjustment)
female, male
1.780m (70 inches)
1.650m (65 inches)
1.780m (70 inches)
1.350m (53 inches)
530 mm (21 inches)
380 mm (15 inches)
1.170m (46 inches)
890 mm (35 inches)
530 mm {21 inches)
860 mm (34 inches)
740 mm (29 inches)
685 mm (27 inches)

(delete)
700mm (28 in)
(delete)
(delete)
(delete)
1.880 m (74 inches)
1.750 m (69 inches)
1.880 m (74 inches)
1.450 m (57 inches)
560 mm (22 inches)
400 mm (16 inches)
1.220 m (48 inches)
94o mm (37 inches)
560 mm (22 Inches)
890 mm (35 inches)
760 mm (30 inches)
750 mm (29.5 inches)

1
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Table XX Al

A384

B1
B3&4

Figure 30 G
H

Figure 36 B-Max
5.7.7.1.2 5

1.170 m (46.0 in)
1.335m (52.5 in)
1.435rn (56.5 in)
1.535 m (60.5 in)
520mm (20.5 in)
620mm (24.5 in)
150mm (6 in)
190mm (7.5 in)
380 mm (15 inches)
13 kg (29 lbs)

1.210m (47.5 in)
1.370 m (54.0 in)
1.470m (58.0 in)
1.570m (62.0 in)
560mm (22.0 in)
660mm (26.0 in)
125rnm (5 in)
165mm (6.5 in)
410 mm (16 inches)
18 kg (40 lbs)

5.9,11.4.1 5-7 (Delete second and third sentences)

1.4 Force limits. If it is known that an item is to be used by an already
established military occupational specialty, for which physical qualification
requirements for entry into that specialty are also established, any
discrepancy between the force criteria of this standard and the physical
qualification requirements shall be resolved in favor of the latter. In this
event, the least stringent physical qualification requirement of all
specialties which may operate, maintain, transport, supply, move, lift or
otherwise manipulate the item, in the manner being considered, is selected as
a maximum design force limit. If such physical qualification requirements for
entry into a specialty do not cover the task addressed by the criteria herein,
the criteria herein shall govern.

1.5 Manufacturing tolerances. When manufacturing tolerances are not
perceptible to the user, this standard shall not be construed as preventing
the use of components whose dimensions are within a normal manufacturing upper
or lower limit tolerance of the dimensions specified herein.

2
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following specifica-
tions, standards, and handbooks form a part of this document to the extent
specified herein. Unless otherwise specified, the issues of these documents
are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the
solication (see 6.2).

SPECIFICATIONS

MILITARY

P!IL-W-5044

MIL-W-5050

MIL-L-5667

MIL-P-7788

MIL-A-8806

MIL-S-008806

MIL-S-9479

MIL-M-18012

MIL-S-18471

MIL-A-23121

MIL-T-Z3991

MIL-C-25050

Walkway Compound, Nonslip, and Walkway Matting, Nonslip

Walkway Coating and Matting, Nonslip, Aircraft
Application of

Lighting Equipment, Aircraft Instrument Panel, General
Specification for Installation of

Panels, Information, Integrally Illuminated

Acoustical Noise Level in Aircraft, General Specification
for

Sound Pressure Levels in Aircraft, General Specification
for

Seat System, Upward Ejection, Aircraft, General
Specification for

Markings for Aircrew Station Displays, Design and
Configuration of

System, Aircrew Automated Escape, Ejection Seat Type:
General Specification for

Aircraft Environmental, Escape and Survival Cockpit
Capsule System, General Specification for

Training Devices, Military, General Specification for

Colors, Aeronautical Lights and Lighting Equipment,
General Requirements for
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MIL-L-25467 Lighting, Integral, Red, Aircraft Instrument, General
Specification for

MIL-C-25969 Capsule, Emergency Escape System, General Specification
for

STANDARDS

FEDERAL

FED-sTD-515/17

FED-STD-595

MILITARY

MIL-STD-12

MIL-STD-129

MIL-STD-130

MIL-STD-195

MIL-STD-203

PIIL-STD-250

MIL-STD-280

MIL-STD-411

MIL-STD-415

MIL-STD-454

MIL-STD-490

MIL-STD-681

MIL-STD-740-I

Outside Rearview Mirror(s) for Automotive Vehicles

Colors

Abbreviation for Use on Drawings, Specifications,
Standards, and in Technical Documents

Marking for Shipment and Storage

Identification Markings of U.S. Military Property

Marking of Connections for Electric Assemblies

Aircrew Station Controls and Displays for Fixed Wing
Aircraft

Aircrew Station Controls and Displays for Rotary Wing
Aircraft

Definitions of Item Levels, Item Interchangeability,
Models and other related Terms

Aircrew Station Signals

Test Provisions for Electronic Systems and Associated
Equipment, Design Criteria for

Standard General Requirements for Electronic Equipment

Specification Practices

Identification Coding and Application of Hookup
and Lead Wire

Airborne Sound Measurements and Acceptance Criteria
of Shipboard Equipment

4
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MIL-STD-783

MIL-STD-850

MIL-STD-1179

MIL-STD-1180

MIL-STD-1247

?IIL-STD-1280

MIL-STD-1294

MIL-STD-1333

MIL-STD-1348

MIL-STD-1473

MIL-STD-1474

MIL-STD-1787

HANDBOOKS

MILITARY

DOD-HDBK-743

MIL-HDBK-759

MIL-STD-1472D

Legends for Use in Aircrew Stations and on Airborne
Equipment

Aircrew Station Vision Requirements for Military
Aircraft

Lamp, Reflectors and Associated Signaling
Equipment for Military Vehicles

Safety Standards for Military Ground Vehicles

Markings, Functions and Hazard Designations of Hose,
Pipe, and Tube lines for Aircraft, Missile and Space
systems

Keyboard Arrangements

Acoustical Noise Limits in Helicopters

Aircrew Station Geometry for Military Aircraft

Knobs, Control, Selection of

Standard General Requirements for Color and Marking of
Army Materiel

Noise Limits for Army Materiel

Aircraft Display Symbology

Anthropometry of US Military Personnel

Human Factors Engineering Design for Army Materiel

(Unless otherwise indicated, copies of federal and military specifications,
standards and handbooks are available from the Naval Publications and Forms
Center (ATTN: NPODS), 5801 Tabor Avenue, Philadelph~a, PA 19120-5099.)

2.1.2 Other Government documents, drawings, and publications. The following
other government documents, drawings and publications form a part of this
document to the extent specified herein. Unless otherwise specified, the
issues are those cited in the solicitation.
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NAVY

PUBLICAT

OPNAVINST 51OO.23B Hearing Conservation Program

AIR FORCE

AFR 161-35 Hazardous Noise Exposure (Regulation)

FEDERAL REGULATION

29 CFR 1910 Occupational Safety and Health Standards

(Copies of other government documents, drawings, and publications required
by contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

2.2 Non-Government publications. The following document(s) form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DoD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherwise specified, the issues
of documents not listed in the DOC)ISS are the issues of the documents cited in
the solicitation (see 6.2).

Human Engineering Guide to Equipment Design, 1972 Edition

(Application for copies should be addressed to the Superintendent of
Documents, US Government Printing Office, Washington, DC 20402)

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGII-1)

Threshold Limit Values

(Application for copies should be addressed to the ACGIH, 1014 Broadway,
Cincinnati, OH 45202.)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI S1.1 1960 Acoustical Terminology

ANSI S1.4 Sound Level Meters

ANSI S1.6 1967 Preferred Frequencies and Band Numbers for
Acoustical Measurements

ANSI S3.2 1960 Monosyllabic Word Intelligibility, Method for
Measurement of
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ANSI S3.5 1969 Articulation Index, Methods for the Calculation of

(Application for copies should be addressed to the t4merican National
Standards Institute, Inc., 1430 Broadway, New York, NY 10018J

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 380-84 Metric Practice, Standard for

ASTM F 1166-88 Standard Practice for Human Engineering design
Criteria for Marine systems equipment and facilities

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, pA ~9103.)

INTERNATIONAL STANDARDIZATION ORGANIZATION (1S0)

]S0 DIS 2631 Guide to the Evaluation of Human Exposure to
Whole Body Vibration

(Application for copies should be addressed to the American National
Standards Institute, Inc., 1430 Broadway, New York NY 10018.)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

SAE J925 Minimum Access Dimensions for Construction
and Industrial Machinery

(Application for copies should be addressed to the Society of Automotive
Engineers, 400 Commonwealth Drive, Warrendale, PA 15096-0001.)

(Non-Government standards and other publications are normally available from
the organizations that prepare or distribute the documents. These documents
also may be available in or through libraries or other informational services.)

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.
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3. DEFINITIONS

3.1 Abort. A c~p~bi;ity that cancels all user entries ~R a defined
transaction sequence.

Exce~t where stated to the contrary herein or where3.2 Accessible. ,
specific design values are given, an item is considered accessible only where
it can be operated, manipulated, removed or replaced by the suitably clothed
and equipped user with applicable ?5th and 95th percentile body dimensions.
Applicable body dimensions are those dimensions which are design-critical to
the operation, manipulation, removal or replacement task. (For example, an
adjustment control behind an aperture should be located sufficiently close to
the aperture to enable a suitably clothed and equipped user with a 5th
percentile fefiele deptv ~f reach t~ grasp and manipulate the adjustment
control , while the opening should be sufficiently large to enable passage of
similarly clothed and equipped 95th percentile male hand and arm dimensions.
See 5.6.1.)

3.3 Advisory siqn~l. A signal to indicate safe or normal configuration,
condition of performance, operation of essential equipment, or to attract
attention and impart information for routine action purposes.

3.4 Angle of incidence. The angle-between the line of direction of
anything (as a ray of light or line of signt) striking a surface and a line
perpendicular to that surface drawn to the point of contact.

ANGLE OF
INCIDENCE

INCIDENT LINE

3.5 Backup. k capability that returns a user to the last previous display in
a defined transaction sequence. Also refers to the practice of preserving a
second copy of files for data protection purposes.

3.6 Cancel. A capability that regenerates or re-initializes the current
display-ut processing or retaining any changes made by the user.

“--- ,..-=——___ _ .
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3.7 Caution sicl’.-. L :~gr,~; which alerts the operator to an impending
dangerous conditio~l req~i~in$’ attention, but not necessarily immediate action.

3.8 Command and :-:-C- ‘::+;PT equipment. The main mission element
equipment and reia-.: C:(j(’r — .:;,!j~mentused in collecting, transmitting,,\
processing, and di:: [~.,nc :~1:~rmazion for command and control .

3.9 Command lany:”’~-. : “.:“:of dialogue in which a user composes control—.
entries with mini]]:: ,...,1..~ : [’ythe computercr,r-(\rnv t ,r,p,

3.10 Common hang ‘-:1s. l~ems of tools found in common usage or applicable
to a variety of opepztlons or to a single operation on a variety of material.
Screwdrivers, hammer:. and ~:r~nches are examples of common hand tools.

3.11 Control entrf. ~ls~r -Input for sequence control, such as function key
actuation, menu se’le::ion, command entry, etc.

3.12 Data. The ‘:I;:mdte-i ils from which a user extracts information. Data
may include numbers. ~:~rds. ~“lctures, (?tC.

3.13 Data displ: . ‘.,+ ‘+.~+ data from a computer to its users.JL.P.
GeneralIv. the ~nr:;: ~i~n~’~~ :isu~? output, but it may be qualified to./ .
indicate a differer: fi:}d~i’:::,such as an “auditory display.”

3.14 Data entrv. !~ser inout of data for computer processing and computer
responses to such inou:s.

3.15 Data fielc. Ln ared of the display screen reserved for user entry of
a data item.

3.16 Data item. ; ~et p: cr~aracters of fixed or variable length that forms
a single unit of c:-:. ,. -.:>:lp,.;Oq of a data item might be a person’s name or a
ZIP code. Data i:e~::::l~~;bs entered by a user or may be supplied by the
computer.

3.17 Data prote:: <en. Fur,:tional capabilities that guard against
unauthorized data c::e~s anc tampering, user errors, and computer failure.

3.18 dB(A). The L;n’tu~ec to express sound level measured through the
A-weight~ng networi. Cf a sound level meter.

3.19 Decibel (d~’. See p~ra 3.58.

3.20 De-emphasis. Tne inverse of pre-emphasis, employed for the purpose of
restoring original :,if~~-con~nriantamplitude relationships in pre-emphasized
speech; primarily u:c:~l in Rzlntaining the “natural” sound qua~itY. (See
pre-emphasis.)

3.21 Default vLl[I:.. ; o~edetermined, frequently used value for a data
field or control er~r”. IPT.en:!ecIto reduce required user entry actions.

10
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?.2’2 :’~,~tloqueaA structured series of interchanges between a user and a
computer t~rminal . Dialogues can be computer initiated, e.g., question and
answer, CT user initiated, e.g., command lanquagcs.

2 92 :-,r~;f-J~j~aThe condition in which the SPLI~C stimulus presented at one.9Ld
ear dii;’.:n:~rorlthe sound stimulus presented 3! the other ear. The stimulus
may ~~f~-:- ~~,sound pressure, frequency, phase, time, duration, or bandwidth.

3.24 Disnlav format. The organization of different types of data in a
display, including information about the data such as labels, and other user
guidance such as prompts, error messages, etc.

3.25 :ffective temperature. An arbitrary index which combines into a
\:l’lQIE:v--j’jsthe e+fect of temperature, hmidity, and air movement on the
sensatio!~ of warmth or cold felt by the human boay. I“ne numerical value is
that of tne temperature of still, saturated air which would induce an
icientica”lsensation.

~.~fj ~r+b~~. An explicit user action that effects com~uter processing of
user en~~}:s. For example, after typing a series of numbers, a user might
press an El(TEl?key that will add them to a data base, subject to data
validatl:’ri.

3.27 Eauipment. General term designating any item or group of items.

3.28 Euuimnent failure. An equipment failure is the cessation of the
ability to meet the minimum performance requirements of the equipment
specifi~.c~i~t-ls.Further, equipment failure shell imply t~at the minimum
specified Performance cannot be restored through permissible readjustment of
operator controls.

~.~g ‘~cilitles. A physical plant, such as “eal estate and improvements
theretc, ~nclud~ng building and equipment, which provides the means for
assisting or making easier the performance of a system function. The
facilities to which this standard apply are those in which personnel perform
system operational or maintenance duties.

3.30 Fail-safe design. Fail-safe design is one in which a failure will not
adversely affect the safe operation of the system, equipment, or facility.

3.31 Field. See “Data Field.”

3.32 File. A collection of data, treated as a single unit, that is stored
in a cor!;titer.

3.3?! ~!~~lctionkey. A key whose actuation will effect a control entry.

3.JC ~;~p. A capability that displays information upon user request for
on-line q(]idance. HELP may inform a user generelly about system capabilities,
or ma:Y ,‘FOIJiae more specific guidance in inform~tinn handling transactions.

11
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3.35 Hiqhlightin~. Emphasizing displayed data or format features in some
way, e.g., through the use of underlining, holding, or inverse video.

3.36 Humanengineering design criteria. The summation of available
knowledge which defines the nature and limits of human capabilities as they
relate to the checkout, operation, maintenance or control of systems or
equipment, and which may be applied during engineering design to achieve
optimum compatibility between equipment and human performance.

3.37 Infmmation. Organized data that users need to successfully perform
their tasks. Information serves as an answer to a user’s questions about
data. It is used here to refer to the effective assimilation of data by a
user.

3.38 Interrupt. Stopping an ongoing transaction in order to redirect the
course of the processing. Examples of interrupt options are ABORT, BACKUP,
CANCEL, and RESTART.

3.39 Luminance contrast. The contrast between the background and a figure
equals tfie dlfference between the higher luminance (Ll) and the lower
luminance (12) divided by the lower luminance (L2); i.e.,

c = L1 - L2

L2

Conversions to the other contrast formulae are as follows:

L1 L2 L1-L2
(brighter) (dimmer) ~

L1-L2
T

L1-L2
m

100 50 1.0 0.50 (50%) 0.33 2.0
100 25 3.0 0.75 (75%) 0.60 4.0
100 10 9.0 0.90 (90%) 0.82 10.0

3.40 Luminance ratio (LR). The ratio of luminance between the target or
subject and the surrounding field or background. For projection systms, the
luminance ratio is equal to the light output of a projector (measured with no
film in the projector) reflected off the screen (image luminance) divided by
all the light falling on the screen (measured from the greatest viewing angle)
other than that actually forming the image (nonimage or background); i.e.,

LR =: ‘ ‘here: L
= Image or subject luminance

n Ln = Nonimage or background luminance

3.41 Macro. The capability to allow the user to assign a single name or
function”~to a defined series of commands for use with subsequent command
entry. Sometimes called “smart key.” Examples of use are storage of
addresses or signature blocks that are frequently used.

3.42 Naintainabilit y, design for. Design considerations directed toward
achieving those combined characteristics of equipment and facilities which

12
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3.43 Master caution (warning) signal. A signal which indicates that one or
more caution (warning) lights has been actuated.

3.44 Menu selection. A type of dialogue in which the user selects one item
out of a list of dlsprayed alternatives,

,
whether the selection is by pointing,

by entry of an associated optjon code, or by actuation of an assigned function
key.

3.45 Metric equivalents, abbreviations and prefixes. Table I has been used
herein in accordance with paragraph 4 of the Foreword.

TABLE1 METRIC ECWIVALENTS. ABBREVIATIONS AND PREFIXES

TocmERTFf?OM: T~ MULT1PLY8Y:

DEGREE {ANGLEI {E) RADIANhd) 1.745329 E-02

FOOT Ht) METER{ml 3.048000 E-l

FOOT2Wt2) METEf#(m2\ .9.290304E-02
F00# ltt3) METER3bn% 2.s31 66S E42

FOOTCANDLEtfI-C) LUX ttX} 1.076391 E+O1

FOOTLAM8ERT Ut-u CANDELAPERMETE# bi/m2) 3.4262S9E_
lNCH(in.OR-] METIER 2S40000E-02
Muctd(in.q METER2(m21 6.45~6WE44
tNC# tin.’] METER31m31 1.63s706Ed%
MINUTE tANGLE){mm) RmAN (s’xdI 2.908662 E*

OUNCE-FORCE M) NEWTON (N) Z7W139 E-01

OUNCE-INCH (ad-in.) NEWTON METER [N-ml 7.0615S2E-03

POUNOOblAV~ROU~iS KILOGRAM IJq) 4S3S924 E-01

POUNO-FORCE Obfl NEWTON {N) 4.448222E_

POUND-INCH bbf.h.t NEWTON METER (N-ml 1.129646E4~

SECOND(ANGLE) (we) RAOIANhad) 4.846137EA6

PREFIXES TEMPERATuRE CONVERSION

NANO m ,.-9 CENTI c 10-2 0C-+~F-32)

MICRO # ,.-6 KILO k 103 9
‘F -— ‘c + 32

MILLI m 10-3 MEGA M 106 5

NOTE: EACHCONVERSN3NFACTOR WPRESENTEO ASANUWER. 8EWEENWEMOTEN,T0
SIXOECIMALPMCES. TtlELETTERE(FOREX~ENT).APL-oRMIN~SIGNMOWO
OIGITSFOLL~tNG TNENUMSER, REPRESENT THE POWEROF1O8Y WMICH7HENUMBER IS
T08EMULTIPLIE0.

FOR EXAMPLE: 3.046000 E-01 - 3.04S000s 10-1. o~

OR: lfi76 391 E+O1 - 1~76 =1 X 10’ - 10.7=91

EXAMPLES OF USE OF TABLE:

TO CONVERT 2 fx’ TO m3, MULTIPLY 2 6Y 2.631 66S E42
2x0.0Z8316~”O=-m3

(10 CONVERT 2 m3 TO ti3. OIVtDE 2 BY 2R31 S86 E-021
UJQS263t6-- 70s3933s h’]

A MORE COMPLETE LISTING ANO OMCXJSSJONMAY 8E FOUND IN ASTM E 31R1-76

3.46 Noise-cancel linq (microphone). A feature which reduces the masking
effect of amblent nolse upon speech Impressed on a microphone, usually by
provjding equal access of the ambient noise to both surfaces of a diaphragm to
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achieve approximate equilibrium, effectively causing the noise to cancel
itself out. Since the talker’s own voice output impinges on only one side of
the microphone diaphragm, the talker’s signals are not subject to this
cancellation, and so are transmitted more favorably than if both ambient noise
and speech fell simultaneously upon one face of the diaphragm.

3.47 Nuclear, biological, chemical (NBC) survivability. NBC survivability
includes both the Instantaneous, cumulative and residual effects of NBC
weapons upon a system including its personnel. NBC survivability describes
the capability of a system to withstand the NBC environment, including
decontamination, without losing the ability to accomplish its rnfssion. For
any system to be considered survivable in an NBC contaminated battlefield, it
must have at least three essential characteristics: Decontaminability,
hardness, and compatibility.

(1) Decontaminability is the ability of a system to be rapidly
decontaminated to reduce the hazard to personnel operating, maintaining and
resupplying it.

(2) Hardness is the ability of a system to withstand the materiel
damaging effects of NBC contamination and any decontamination agents and
procedures required to remove it.

(3) Compatibility is the ability of a system to be effectively
operated, maintained, and resupplied by persons wearing the full NBC
protective ensemble.

3.48 Paqe. The data appearing at one time on a single display screen.

3.49 Panel. The front face of an assembly, normally used for mounting
controls and displays.

3.50 Pannin
+*

An orientation for display framing in which a user conceives
of the dlsp ay frame as moving over a fixed array of data. The opposite of
scrolling.

3.51 Peak-clipp ing (of speech signals). A technique for controlling
amplitude relationships In speech by limlting the instantaneous
peak-amplitudes to improve intelligibility of speech, usually followed by
amplification of the signal to increase the amplitude of the clipped peaks to
their original level, with proportional increase of the weaker speech sounds.

3.52 Pre-em hasis.
~

Systematic distortion of the speech spectrum to improve
intelliglbll~ty o speech sound by attenuating the low-frequency components of
vowels (relatively unimportant for intelligibility) and proportionately
increasing the amplitude of high-frequency vowel components and consonants
(highly important for intelligible speech transmission).

3.53 Prompt. An indicator provided by the computer that alerts the user
that the computer is ready, data should be entered, etc.

.
3.54 Query language. A type of dialogue in which users compose control

enteries for displaying specified data from a data base.

_-
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3.55 Question and answer. A type of dialogue in which the computer
displays questions, one at a time, for a user to answer.

3.56 Scrollin~. An orientation for display framing in which the user
conceives of data as moving behind a fixed display frame. The opposite of
panning.

3.57 Seat reference point (SRP). The point at which the center line of the
seat back surface (depressed) and seat bottom surface (depressed) intersect.
When the seat is positioned at the midpoint of the adjustment range(s), this
intersection point is called the neutral seat reference point. (See
MIL-STD-1333 for Amy and Navy aircraft definition.)

3.58 Sound pressure level (SPL). The pressure of an acoustic wave; usually
expressed in decibels (dB), equal to 20 times the logarithm to the base 10 of
the ratio of the effective root-mean-square (rms) pressure of this sound to
the reference pressure, i.e.,

P
SPL = 20 10910 20vPa

where P = the effective (rms) sound pressure in micropascals (vpa) or
micronewtons per square meter (uN/F12). (20uPa = 20MN/M2 = 0.0002
microbar = 0.0002 dynes/cm2.)

3.59 Source documents. User’s documents, which are a source of data
eventually processed b.ythe computer program, such as target lists, supply
codes, pa-tis lists, ma~ntenance”fonnsy bills of lading, etc.

3.60 Special tools. Tools not listed in the Federal Supply Catalog.

3.61 Speech intelligibility. A measure of the percent of words, phrases or
sentences correctly understood over a given speech communication system in a
given noise situation. It may be meas~red, when complying with this standard,
by either the Phonetically Balanced (PB) Monosyllabic Word Intelligibility
Test or the Modified Rhyme Test (MRT). The former consists of a list of 1,000
words in which each word is spoken from a source and written down by a
listener at a destination. The latter consists of a list of 300 words in
which a word is spoken frun a source and the listener at a destination
responds on a prepared multiple format selecting one of six words as the item
heard. Speech intelligibility may also be predicted by the Articulation Index
(AI) in which calculation is performed of the peak speech-to-root-mean-square
noise ratio obtained in selected frequency bands from 200 to 7,000 Hertz (Hz),
i.e., peak amplitude of speech in relation to the root-mean-square amplitude
of the background noise.

3.62 Speech interference level (SIL). A measure of the effectiveness of
noise in masking speech, defined as the arithmetic average of the same
pressure levels of the interfering noise (in decibels re 20vPa) in the four
octave bands centered on the frequencies 500, 1000, 2000, and 4000 Hz,
respectively. The unit of speech-interference is the decibel.
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3.63 Speech signal processing. The modification of the electrical signal
representing speech to enhance the capability of a speech communications
channel . Some examples are simple analog processing, automatic gain control
(AGC), frequency shaping, peak clipping and syllabic compression.

3.64 Speech spectrum. A segment of the range of audible frequencies
containing the sounds of speech; defined as approximately the range from 80 to
8000 Hz.

3.65 Speech-to-noise ratio (Peak speech to rms noise). The ratio between
the arithmetic mean ot peak amplitudes of speech and the root-mean-square
(rms) amplitude of background noise.

3.66 Standard tools. Standard tools (normally hand tools) used for the
assembly, dlsassemb~y, inspection, servicing, repair and m~intenance of
equipment, and which are manufactured by two or more recognized tool
manufacturing companies and listed in those companies’ catalogs.

3.67 Strin .
+

In the user’s context, a word, phrase, or number (string of
characters In the test or file. Normally employed in the context of causing
the computer to search for, find, or replace a desired “string.”

3.68 Text entry. Initial entry and subsequent editing of textual material,
typified by messages.

3.69 Transaction. An action by a user followed by a response from the
computer. The term is used here to represent the smallest functional
“molecule” of user-computer interaction.

3.70 Transillumi nation. Light passed through, rather than reflected off,
an element to be viewed, e.g., illumination used on console panels or
indicators utilizing edge and/or back lighting techniques on clear,
translucent, flourescent, or sandwich type plastic materials.

3.71 Warning signal. A signal which alerts the operator to a dangerous
condition requiring immediate action.

3.72 Wet bulb globe temperature (WBGT). A meteorological measurement which
can be used as an index to desiqnate conditions of temperature and humidity at
which on-set of heat stress can-be expected at a particular energy expenditure
1evel . It is calculated as follows:

MBGT = 0.7TWBnp + 0.2T9 + O.lTA~

where TWBnP = non-psychrometric (rip)wet-bulb (WB) temperature

‘9 = temperature at interior center of a 15.2 cm (6 in) black globe

TA = non-psychrometric, but shaded,” dry bulb (air) temperature.
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4. GENERAL REQUIREMENTS

4.1 Objectives. Military systems, equipment and facilities shall provide
work environments which foster effective procedures, work patterns, and
personnel safety and health, and which minimize factors which degrade hJmzr
performance or increase error. Design shall be such that operator worklo~d,
accuracy, time constraint, mental processing and communication requirements dc
not exceed operator capabilities. Design shall also minimize personnel and
training requirements within the limits of time, cost, and perforfnance
trade-offs.

4.2 Standardization. Controls, displays, marking, coding, labeling, and
arrangement schemes (equipment and panel layout) shall be uniform for common
functions of all equipment. Criterion for selecting off-the-shelf cormerc:a;
or Government equipment shall be the degree to wnlci~ tne equipment ~()[]~~~i:i~ “:.

this standard. Where off-the-shelf equipment requires modification in order
to interface with other equipment, the modification shall be designed to
comply with the criteria herein. Redesign of off-the-shelf equipment must
have the approval of the procuring activity.

4.3 Function allocation. Design shall reflect allocation of functions to

personnel, equipment and personnel-equipment combinations to achieve:

a. Required sensitivity, precision, time, and safety.

b. Required reliability of system performance.

t-- . Min~mum number and level of skills of personnel required to operate
and maintain the system.

d. Required performance in a cost-effective manner.

4.4 Human engineering design. The design of military systems, equipmen’.
and facilities shall reflect human engineering, life support, and biomedical
factors that affect human performance, including, when applicable:

a. Satisfactory atmospheric conditions including composition,
pressure, temperature and humidity, including safeguards against
uncontrolled variability beyond acceptable limits.

b. Range of acoustic noise, vibration, acceleration, shock, blast, ~~~
impact forces and safeguards against uncontrolled variability
beyond safe limits.

c. Protection from thermal, toxicological, radiological, mec~anfld,
electrical, electromagnetic, pyrotechnic, visual, and other
hazards.

.
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d.

e.

f.

9“

h.

i.

1.

m.

n.

00

P.

Adequate space for personnel, their equipment, and free volume for
the movements and activities they are required to perform during
operation and maintenance tasks under both normal and emergency
conditions.

Adequate physical, visual, auditory, and other communication
links between personnel, and between personnel and their
equipment, under both normal and energency conditions.

Efficient arrangement of operation and maintenance workplaces,
equipment, controls, and displays.

provisions for insuring safe, efficient task performance
under reduced and elevated gravitational forces with safe
guards against injury, equipment damage and disorientation.

Adequate natural or artificial illumination for the performance
of operation, control. tra~ning, and maintenance.

Safe and adequate passageways, hatches, ladders, stairways,
platforms, inclines, and other provisions for ingress, egress,
and passage under normal, adverse and emergency conditions.

Provision of acceptable personnel accommodations including
body support and restraint, seating, rest, and sustenance,
i.e., oxygen, food, water, and waste management.

Provision of non-restrictive personal life support and
protective equipment.

Provisions for minimizing psychophysiological stress effects
of mission duration and fatigue.

Design features to assure rapidity, safety, ease and economy
of operation and maintenance in normal , adverse and emergency
maintenance environments.

Satisfactory remote handling provisions and tools.

Adequate emergency systems for contingency management, escape,
survival and ‘rescue.

Compatibility of the design, location and layout of controls,
displays, workspaces, maintenance accesses, stowage provisions
and passenger compartments with the clothing and personal
equipment (C/PE) to be worn by personnel operating, riding in,
or maintaining military systems or equipment. Task allocation
and control movements shall be compatible with restrictions
imposed on human performance by C/PE.
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4.5 Fail safe design. A fail safe design shall be provided in those areas
where failure can cause catastrophe through damage to equipment, injury to
personnel or inadvertent operation of critical equipment.

4.6 Simplicity of design. The equipment shall represent the simplest
design consistent with functional requirements and expected service
conditions. It shall be capable of being operated, maintained, and repaired
in its operational environment by personnel with a minimum of training.

4.7 Interaction. The design of the system shall reflect the interaction
requirements of crew served equipment.

4.8 Safet
--+*

Design shall reflect applicable system and personnel safety
factors, lnc uding minimization of potential human error in the operation and
maintenance of the system, particularly under the conditions of alert, battle
stress, or other emergency or non-routine conditions.

4.9 Ruggedness. Systems and equipment shall be sufficiently rugged to
withstand handling in the field during operation, maintenance, supply and
transport within the environmental limits specified for those conditions in
the applicable hardware or system specification.

4.10 Design for NBC survivability. As applicable, equipment design shall
be compatible with NBC protection and shall permit performance of
mission-essential operations, communications, maintenance, resupply and
decontamination tasks by suitably clothed, trained and acclimatized personnel
for the survival periods and NBC environments required by the system.
Equipment design shall also facilitate NBC hardness surveillance and shall
minimize susceptibility to reduction of inherent NBC hardness as a result of
maintenance/operator-i nduced errors/damage: i.e.,

a) NBC hardness shall be easily verifiable by maintenance personnel
before and after maintenance actions (hardness surveillance),

b) NBC hardness shall not be degraded when routine (scheduled) and
corrective (unscheduled) maintenance are performed,

c) Maintenance of the equipment’s inherent NBC hardness shall not be
dependent on maintenance personnel expertise and critical
alignments/maintenance actions.

4.11 Design for electromagnetic pulse (EMP) hardening. As applicable,
equipment design shall be compatible with hardening requirements,
including personal accommodations such as EMP-hardened electrical power
outlets and antenna lead-ins within EMP-hardened facilities or spaces. Access
shall be provided to EMP-hardened facilities or spaces without the need to
open doors or hatches which form part of an electromagnetic barrier protecting

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
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tf-tespace. Itec?ssuch as surge arrestors, terninal n~otection devices, and
filters, which form part of an electromagnetic barrier for protection against
EMP effects, shall be accessible.
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5.1 Control/display integration.--—-

5.1.1 General criteria.

5.1.1.1 Relationship. The rel~tions~;r~ ;“:;
display and the display to the Contro-l s!);II R)C‘
unambiguous to the operator. Ccr,LrtilssI19Ls!L15L
under or to the right of) their associatec~ (;i~~)-,:.

neither the control nor the hand normal ’,yused i:>
obscure the display.

5.1.1.2 Desi n. Control-dis~l e\{rel~,:~~r:sr]ll:
-T-F- “proximity, s ml arlty of groupings, cod-:ng, tr:r-

techniques.

5.1.1.3 Complexity and precis~on. The con~~~
control man~pulatlon and display mcnitorin~ srlzI

precision required of the system. Contr-(-?‘P:s: -
shall not exceed the capability of the oner~~or
display detail) or exceed the operator’s ~;ri~~:,’:

dynamic conditions and environment (In temf of ‘:
or reaction time) in which human wrforil:2T7ce is :

5.1.1.4 Feedback. Feedback on control res~or~..
raDidlv as Dosslb~e. Critical contrcl function~, :
ke~boa~d, shall provide adequar.p f~-dhack to the ~’‘- -
ensure that the keyed entry is, in fact, ~rrorl::-
desires to enter.

5.1.1.5 Illumination. Adjustable illuc,:ri;;::
displays, including display, contro~ anc r~r~en
that must be read at night or under dari:cnec CC”

5.1.1.6 Simultaneous access. If more th~n F’!+
simultaneous access to a particular grouG of CCI:--
insure proper functioning of a system or sui3c:/:4.:-
control and monitor a particular function or grc:
have physical and visual access to all contro~<.
capability necessary to adequately’ oerforr ;ssi:

5.1.2 Position relationships.

5.1.2.1 Functional grouping. Function~l-j r:
shall be located in proxmty to one anc:i]e~--:’ ‘

e.g., power, status, test.

5.1.2.1.1 Functional group arranaemefi: ,

,- .
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5.1.2.1.1.1 $equence. %nctiona 1 groups c+ controls and displays shall be
located to provide for left-to-right (preferred) or top-to-bottm order of
use, or both.

5.1.2.1.1.2 Access. ?rovidxng that the integrity of grouping by function
and sequence is not compromised, the more frequently used groups and the most
important groups should be located in areas of easiest access. Control-
display grou~s required solely for maintenance purposes shall be located in
positions oroviding a lesser decree of access relative to operating groups..

5.1.2.1.1.3 Functional group marking. Functional groups may be set apart
by outlining with contrasting lines which completely encompass the groups.
Where such coding is specified by the procuring activity, and where gray
panels are used, noncritical functional groups (i.e., those not associated
with emergeficy operation:; shcill ue outlined with a 1.5 Tm [Ill6 in) black.
border (27038 of FED-STD-5!?5), and those involving emergency or extremely
critical operations shall be outlined with a 5 mm (3/16 in) red border (21136
of FED-STD-595)* As an alternate method, contrasting color pads or patches
may be used to designate DOTrl critical and noncritical functional areas,
subject to prior approval by the procuring activity. When red compartment
lighting is used, an orangeyel low (23538 of FED-STD-595) and black (27038 of
FED-STD-595) striped border shall be used to outline functional groups
involving emergency or extremely critical operations. Control-display areas
in aircraft crew stations shall be delineated in accordance with MIL-M-18012.

5.1.2.1.1.4 Consistent
+“ ~

Location of recurring functional groups and
individual items s a be s~milar from panel to panel. Mirror image
arrangements shall not be used.

5.1.2.2 Location and arrangement. Whenever an operator must use a large
number of controls and displays, their location and arrangement shall be
designed to aid in determining which controls are used with which displays,
which equipment component each control affects, and wh~ch equipment component
each display describes.

5.1.2.3 Arrangement within groups. Controls and displays within functional
groups shall be located according to operational sequence or function, or both.

5.1.2.3,1 Left-to-right arrangement. If controls must be arranged in fewer
rows than displays, controls affecting the top row of displays shall be
positioned at the far left; controls affecting the second row of displays
shall be placed immediately to the right of these, etc.

5.1.2.3.2 Vertical and horizontal arrays. If a horizontal row of displays
must be associated with a vertical column of controls or vice versa, the
farthest left item in the horizontal array shall correspond to the top item in
the vertical array, etc. However, this type of arrangement shall be avoided
whenever possible.
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5.1.2.3.3 Simultaneous use. A visual display that must be monitored
concurrently with manipulation of a related control shall be located so that
the operator is not required to observe the display from an extreme visual
angle and thus introduce the possibility of parallax error.

5.1.2.3.4 Multiple displays. When the manipulation of one control requires
the readinq of several displays, the control shall be placed as near as
possible t: the related cfikplays and preferably beneath the middle of the
displays, but not so as to obscure displays when manipulating the control.

5.1.2.3.5 Combined control. Whenseparate displays are affected by a
combined control (e.g., concentrically ganged knobs), the display shall be
arranged from left to right with the combined control underneath the center of
the displays, but not so as to obscure displays when manipulating controls.

5.1.2.3.6 Separate panels. When related controls and displays must be
located on separate panels and both panels are mounted at approximately the
same angle relative to the operator, the control positions on one panel shall
correspond to the associated display positions on the other panel. The two
panels shall not be mounted facing each other.

5.1.2.3.7 Component qroups. When a group of equipment components has the
same function. the related control and display positions shall be oriented to
correspond to-those of the controlled and monitored components. (For example,
the position of aircraft engine controls shall be oriented as if the operator
faces the normal direction of vehicle movement.)

5.1.2.3.S Emergent y use. Emergency displays and controls shall be located
where they can be seen and reached with minimum delay (e.g., warning lights
within a ~0-degree cone about the operator’s normal line of sight; emergency
control close to its related warning display or the nearest available hand in
its nominal operating position).

5.1.3 Movement relationships.

5.1.3.1 Lack of ambiguity. Display indicators shall clearly and
unambiguously direct and guide the appropriate control response. The response
of a display to control movements shall be consistent, predictable, and
compatible with the operator’s expectations.

5.1.3.2 Time lag. The time lag between the response of a system to a
control input and the display presentation of the response shall be minimized,
consistent with safe and efficient system operation.

5.1.3.3 Movinq pointer circular scales. Clockwise movement of a rotary
control or movement of a linear control forward, up, or to the right shall
produce a clockwise movement of circular scale pointers and an increase in
the magnitude of the setting. ●
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5.1.3.4 Moving pointer linear scales. Clockwise movement of a rotary
control or movement of a llnear control forward, up, or to the right shall
~roduce a movement UP or to the right for horizontal and vertical scale
pointers and an increase in the magnitude of the reading.

5.1.3.5 Fixed pointer circular scale. Displays with moving scales and
fixed rminters or cursors should be avoided. When circular fixed-pointer,
moving~scale indicators are necessary, clockwise movement of a rotary control
or movement of a linear control foward, up, or to the right shall normally
produce a counterclockwise movement of the scale and an increase in the
magnitude of the reading.

5.1.3.6 Fixed pointer linear scale. When use of vertical or horizontal
fixed pointer, moving-scale indicators ts necessary, clockwlse movement of an
associated rotary control or movement of a linear control forward, up, or to
the riqht shall normally produce a movement of the scale down or to the left
and an-increase in the magnitude of the reading.

5.1.3.7 Direct linkage. When there is a direct linkage between control and
display (e.g., radio trequency selector and station pointer), a rotary control
shall be used if the indicator moves through an arc of more than wrad (1800).
If the indicator moves through an arc of less than mrad (1800), a linear
control may be used, provided the path of control movement parallels the
average path of the indicator movement and the indicator and control move in
the same relative direction.

5.1.3.8 Cormnon plane. Controls shall be selected so that the direction of
e control will be consistent with the related movement of an

associated display, equipment component, or vehicle.

5.1.3.9 Parallel movement. Direction-of-movement relationships shall be
adhered to when control and display are parallel in line of movement.

5.1.3.10 Labelin
d“

When control-display relationships specified herein
cannot be ad ere o, controls shall be clearly labeled (see para 5.5) to
indicate the direction of control movement required.

5.1.3.11 Movement direction. When a rotary control and a linear display
are in the same plane, the part of the control adjacent to the display shall
move in the same direction as the moving part of the display.

5.1.4 Control dis~lay movement ratio.

5.1.4.1 Minimization of time. Control display ratios for continuous
adjustment controls shall minimize the total time required to make the desired
control movement (i.e., slewing time plus fine adjusting time), consistent
with display size, tolerance requirements, viewing distance, and time delays~
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5.1.4.2 Range of display movement. When a wide range of display element
movement is required, small movement of the control shall yield a large
movement of the display element. Hhen a small range of display movement is
required, a large movement of the control shall result in small movement of
the display, consistent with final accuracy required.

5.1.4.3 Knob, coarse setting. When a knob is provided for making coarse
display element settings on linear scales -- 0.4 to 2.5 mm (0.016 to 0.100 in)
tolerance -- approx~mately 150 mm (6 in) display element movement shall be
provided for one complete turn of the knob.

5.1.4.4 Knob, fine setting. For fine setting on linear scales--O.2 to
0.4 mm [0.008 to 0.016 in) tolerance-- 25 to 50 mm (1 to 2 in) of display
element movement shall be provided for one complete turn of the knob.

5.1.4.5 Bracketing_. When bracketing is used to locate a maximum or minimum
rather than a specific value (e.g., as in tuning a transmitter), the control
knob shall swing through a??arc of not less than 17S mrad (10°) nor more than
525 mrad (30°) either side of the target value in order to make the peak or
dip associated with that value clearly noticeable.

5.1.4.6 Lever, coarse settinq. When a lever is provided for coarse
settings--0.4 to 2.5 mm (0.016 to 0.100 in) tolerance--one unit of display
element movement shall be used to three un~ts of lever movement.

5.1.4.7 Lever, two-dimensional settinq. when a lever is provided to make
settings in two dimensions to coarse tolerances --2.5 mm (0.1 in)--one unit of
display element movement shall be used to two and one-half units of lever
movement.

5.1.4.8 Counters. When counters are provided, the control-display ratio
shall be such that one revolution of the knob produces approximately 50 counts
(i.e._,the right hand drum rotates five times).
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5.2 Visual displays.

5.2.1 General. Visual displays should be utilized to provide the oDerator
with a clear Indication of equipment or system conditions for operation under
any eventuality commensurate with the operational and maintenance philosophy
of the system under design.

5.2.1.1 Alerting/warning. An alerting/warning display shall provide the
operator with a greater probability of detecting the triggering condition than
his normal observation would provide in the absence of the display.

5.2.1.2 Display illumination and light distribution.

5.2.1.2!.1 Display illumination.

5.2.1.2.1.1 Normal. When maximum dark adaptation is not required, low
brightness whit--t (preferably integral and adjustable as appropriate) shall
be used; however, when complete dark adaptation is required, low luminance
[0.07 - 0.35 cd/m2 (0.02 - 0.10 fL)] red light (greater than 620 nm) shall be
provided.

5.2.1.2,1.2 Night vision device compatibility. Where night vision device
compatibility is required, display illumination color other than red may be
used. The lighting shall be continuously variable to the full OFF position.
In the OFF position, no current shall flow through the lamps.

5.2.1.2.1.3 Field use panel dimming. When control or annunciator panels
will be viewed by personnel out of doors at night, maximum panel illumination
shall be provided when a dimming rotary control is at its extreme clockwise
rotation. Maximum illumination is that required by Tables XXI and XXII, as
applicable. No current shall be provided to luminaires at extreme counter-
clockwise rotation of a dimming control. Panel light levels shall be
continuously variable from 0.1 cd/m2 (0.03 fL) -ear OFF to 3.5 cd/m2 (1 fL) at
50% of clockwise rotation.

5.2.1.2.2 Light distribution. Where multiple displays are grouped together,
lighting shall be balanced across the instrument panel such that the mean
indicator luminance of any two instruments shall not differ by more than 33%
across the range of full ON to full OFF. Light distribution shall be
sufficiently uniform within an integrally illuminated instrument such that the
ratio of standard deviation of indicator element luminance to mean indicator
luminance shall not be more than 0.25, using eight or more equally spaced test
measurements.

5.2.1.2.3 Contrast. Sufficient contrast shall be provided between all
displayed information and the display background to ensure that the required
information can be perceived by the operator under all expected lighting
conditions.
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m.-<c . L ● L . J. 1 Content. The information displayed tc ~~!operator shall be
“-~’(r-(~p,:to~the operator to perform tne ifirenc~’omission, but shall be

-...- z that which is necessary to perform Spec; :’: :;;:ons nr to make.... .-
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..- 7 precision. Information shal? be disp’:; ... :’l}’v:i;fiin the limits-----● --*L
Cdj;:11: - i~n required for specific operator action: n’ ~ec:sions.

7 .

----- .c.3 Format. Information shall be presente: I’ t!!Qoperator in a
-<cf-lv useable form. Requirements for transposing. ~~:’lDutlnf39

I‘c -r~r - a:ing,,. L or mentally translating into other u~~-;s shall be avoided.
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PeCIQi renents for ~o~puter display f~v!?t: ~‘. “~~l+.~;le~‘n ~*150

.

.,. .
*-.-*-* ~ Redundancy. Redundancy in the displaj C: i~forfiat~on to a single
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u Combininq operator/maintainer informal;:’ .
UPer5tor and-r- --

----.-.
r.-.rl~>r.,. information shall not be combined in ? :-1 ‘.c<s~’iay unless the

-,,P..::~..lon content and format are well suited to, ‘r ~.ine compatible for,
.),,- fi-.. L-‘- J 9

., -! “
~o-, 6 Display failure clarity. Failure of c :’-:’::: or its circuit...-.

.,! D’e Immediately apparent to the operator.

~.:.l .3.7r Display circuit failure. Failure of the tisp?ay circuit shall
,- ?“. ~Guse a failure in tne equipment associated wit-i) :ite ilspldy.

. , “1 - c)
● _.i.d*Lf Unrelated markings. Trademarks and CPT:-PU; na~es or.other

, l~rkings not related to the panel function :1,: nc; be d~splayed on:. . -,...,,“-... :ace.

:...C..C.9 Duration.
.e- Signals and display informz:.m~ :nF-ll have durations

[!~fic]ent length to be reliably detected under c ;):;;ec operator workload
c~]crctional envi ronment.

.-,--
J02010 Timeliness. Displays such as cathode ~~i’tube dis~lays~ head-up-----

,~1’l?ys,coll~mated displays and other displays recuir;ng refreshed
~-P-~F:ion shall be updated in a synchronous mannep. f) erE oossible, and be
.-(::/\O[jto the degree of timeliness required by Pf--::-rIe: in the normal

,,.- .. & :vg or servicing mode.

.!.,

t-.-b. .11 Advisory and alerting. Displays SUC! ~f -~-ti~unction displays,
,-,

“lad: raY tube displays, head-up displays, Collir[.-.t..~’s~ia~s and ~ther
.SP!2Y devices displaying simultaneous and +-:-:I~~te:! ~nfor~a.lon,J:.

I se or alert operating personnel to inform:’.;;”,-(C!,.? t,~l~tbecomes critical..
7 r, Iye display.
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5.2.1.3.12 NBC contamination. As applicable, display characteristics
(e.g., clarity, legibility) shall be compatible with viewing while wearing an
NBC ~rotective mask. Displays or indicators that show the presence of NBC
agents shall also show when ~uch agent concentrations decrease to safe levels.

5.2.1.3.13 Numeric digital displays. Numeric digital displays shall not be
used as the only display of information when perception of the pattern of
variation is important to proper perception. Numeric digital displays shall
not be used when rapid or slow digital display rates inhibit proper
perception.

5.2.1.4 Location and arrangement.

5.2.1 .4.1 Location. Disolays shall be located and designed so that they
may be read to the degree of accuracy required by personnel in the normal
operating or servicing positions tithout requiring the operator to assume an
uncomfortable, awkward or unsafe position.

5.2.1.4.2 Access. Visual displays should be visually accessible without
resorting to use of ladders, flashlights or other special equipment in order
to read the display.

5.2.1.4.3 Orientation. Display faces shall be perpendicular to the
operator’s normal line of sight whenever feasible and shall not be less than
T/4 rad (45°) from the normal line of sight (see Figure 1). Parallax shall be
minimized.

5.2.1.4.4 Reflection. Olsplays shall be constructed, arranged, and mounted
to Drevent reduction of information transfer due to the reflection of the
ambient illumination from the display cover. Reflection of instruments and
consoles in windshields and other enclosures shall be avoided. If necessary,
techniques (such as shields and filters) shall be employed to insure that
system performance will not be degraded.

5.2.1.4.5
performance

5.2.1.4.6
or sequence

5.2.1.4.7
one another

Vibration. Vibration of visual displays shall not degrade user
below the level required for mission accomplishment (see 5.8.4.2).

Groupin~. All displays necessary to support an operator activity
of activities, shall be grouped together.

Function and sequence. Displays shall be arranged in relation to
according to their sequence of use or the functional relations of

the components they represent. They shall be arranged in sequence within
functional groups, whenever possible, to provide a viewing flow from left to
right or top to bottom.

5.2.1.4.8 Frequency of use. Displays used most frequently should be
grouped together and placed in the optimum visual zone (see Figure 2).
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5.2.1.4.9 Importance. Important or critical displays shall be located in a
privileged posltlon in the optimum projected visual zone or otherwise
highlighted.

~. .2.1.4.10 Consistent
+“

The arrangement of displays w~thin a system shall
: ,J c(:!~sistentIn prlnclp e from application to application, within the limits
:!)[:c~fieaherein.

5.2.1.4.11 Maximum viewing distance. The viewing distance from the eye
reference point of the seated operator to displays located close to their
:!csociated controls shall not exceed 635 mm (25 in). Otherwise, there Is no
m~ximum limit other than that imposed by legibility limitations, which shall
:,e compensated for by proper design. NOTE : A viewing distance of up to

I m~~, be used with eject-on seats.::(;r~rl(30 inches;

~.Z.l.4.12 Minimum viewing distance.E The effective viewing distance to
c~ispiays, with the exception of cathode ray tube displays (see 5.2.4.2) and
collimated displays, shall never be less than 330 mm (13 in) and preferably
rl(.)~ less than 510 mm (20 in).

. .2.1.4.13 Aircrew station signals.r Signals for aircrew stations shall be
r, accordance with MIL-STD-411. Human Engineering design for other members of
*tIlecrew who occupy positions in the air vehicle other than on the flight deck
I~uch as in multi-engined specialized aircraft) shall be in accordance with
t!]e :rjteria in this standard. (See 5.14.2.1)

5.2.1.5 Coding.

r~.2.l.5.l ob~ectiveso coding techniques snail be used to facilitate:

d. Discrimination between individual displays

b. identification of functionally related displays

c. Indication of relationship between displays

d. Identification of critical information within a display

5.2.1.5.2 Techni ues.
+

Displays shall be coded by color, size, location,
shape, or flas coding, as applicable.

3.2.1.5.3 Standardization. All coding within the system shall be uniform
Lnc! shall be established by agreement with the procuring activity.

5.2.1.5.4 Symbology. Symbology for Aircrew displays shall be in accordance
J’it}l?IIL-STD-1787.

5.2.2 Transilluminated dis~lavs.
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5.2.2.1 General. Three general types of transilluminated displays that may
be used inc~

a. Single- and multiple-legend lights, which present information in the
form of meaningful words, numbers, SWbOk and abbreviations.

b. Simple indicator lights.

c. TranstlluMnated panel assemblies, which present qualitative status
or system readiness information.

5.2.2.1.1 Use. Transilluminated indicators should be used to display
qualitative i~rmation to the operator requiring either an immediate reaction
by the operator, or to draw attention to an important system status. Such
indicators may also be used occasionally for maintenance and adjustment
functions.

5.2.2.1.2 Equipment response. Lights, including those used in illuminated
push buttons, shall display equipment response and not merely control
position.

5.2.2.1.3 Information. Lights and related indicators shall be used
sparingly and shall display only that information necessary for effective
system operation.

5.2.2.1.4 Positive feedback. Changes in display status shall signify
changes in funct~onal status rather than results of control actuation alone.
The absence or extinguishment of a signal or visual indication shall not he
used to denote a “malfunction,” “no go,” or “out-of-tolerance” condition;
however, the absence of a “power on” signal or visual indication shall be
acceptable to indicate a “power off” condition for operational displays
only --not for maintenance displays. The absence or extinguishment of a signal
or visual indication shall not be used to indicate a “ready” or “in tolerance”
condition, unless the status or caution light filament and its associated
circuitry can be easily tested by the operator and operator perception of such
events is not time critical.

5.2.2.1.5 Groupinq. Master caution, master warning, master advisory and
summation lights used to indicate the condition of an entire subsystem shall
be set apart from the lights which show the status of the subsystem
components, except as required under paragraph 5.2.2.1.8.

5.2.2.1.6 Location. When a transilluminated indicator is associated with a
control, the ~r light shall be so located that it can be associated
with the control without error and shall be visible to the operator during
control operation.

5.2.2.1.7 Location, critical functions. For critical functions, indicators
shall be located within 265 mrad (15°) of the operator’s normal line of sight
(see Figure 2). Warning lights shall be an integral part of, or located
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adjacent to, the lever, switch, or other control device by whjch the operator
is to take action.

5.2.2.1.8 Maintenance displays. Indicator lights used solely for
maintenance and adjustment shall be covered or non-visible during normal
equipment operation, but shall be readily accessible when required.

5.2.2.1.9 Luminance. The luminance of transilluminated displays shall be
compatible with the expected ambient illuminance level, and shall be at least
10% greater than the surrounding luminance. Where glare must be reduced, the
luminance of transilluminated displays should not exceed 300% of the
surrounding luminance.

5.2.2.1.10 Luminance control. When d?splays will be used under varied
ambient illuminance, a dlmmlng control shall be provided. The range of the
control shall permit the displays to be legible under all expected ambient
illuminance. The control shall be capable of providing multiple step or
continuously variable illumination. Dimming to full OFF may be provided in
non-critical operations, but shall not be used if inadvertent failure to turn
on an indicator could lead to critical operator failures, i.e., failure to
detect or perform a critical step in an operation.

5.2.2.1.11 False indication or obscuration. Provision shall be made to
prevent direct or reflected light from making indicators appear illuminated
when they are not, or to appear extinguished when they are illuminated.
Self-reflection shall be minimized by proper orientation of the display with
respect to the observer.

5.2.2.1.12 Contrast within the indicator. The lumlnance contrast
(See 3.17) within the indicator shall be at least 0.1. This 0.1 luminance
contrast ~equirernent does not apply to special displays specifically designed
for legibility in sunlight. For low ambient illumination applications (e.g.,
MIL-L-25467), this ratio should be at least 9.0 (See 3.17), with the
background luminance less than the figure luminance.

5.2.2.1.13 Lamp redundancy. Incandescent display lamps shall incorporate
filament redundancy or dual lamps. When one filament or bulb fails, the
intensity of the light shall decrease sufficiently to indicate the need for
lamp replacement, but not so much as to degrade operator performance.

5.2.2.1.14 Lamp testing. When indicator lights using incandescent bulbs
are installed on a control panel, a master light test control shall be
incorporated. When applicable, design shall allow testing of all control
panels at one time. Panels containing three or fewer lights may be designed
for individual press-to-test bulb testing. Circuitry should be designed to
test the operation of the total indicator circuit. If dark adaptation is a
factor, a means for reducing total indicator light brightness during test
operation shall be provided.
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5.2.2.1.15 Lamp removal, method. Where possible, lamps shall be removable
and replaceable from the front of the display panel. The procedure for lamp
removal and replacement shall not require the use of tools and shall be easily
and rapidly accomplished.

5.2.2.1.16 Lamp remova?, safety. Display circuit design shall permit lamp
removal and replacement while power is applied without causing failure of
indicator circuit components or imposing personnel safety hazards.

5.2.2.1.17 Indicator covers. If design of legend screen or Indicator
covers does not prevent inadvertent interchange, a means shall be provided for
checking the covers after installation to insure they are properly installed.

5.2.2.1.18 Color cocfin
~“

With the exception of aircrew station signals
which shall con orm to -STD-411, and training equipment which shall conform
to MIL-T-23991, transilluminated displays shall conform to the following color
coding scheme, in accordance with Type I - Aviation colors of MIL-C-25050.

a. REDshall be used to alert an operator that the system or any
portion of the system is inoperative, or that a successful mission is not
possible until appropriate corrective or override action is taken. Examples
of indicators which should be coded REDare those which display such
information as “no-go” , “error”, “failure”, “malfunction”, etc.

b. FLASHING RED shall be used only to denote emergency conditions which
require operator action to be taken without undue delay, or to avert impending
personnel injury, equipment damage, or both.

c. YELLOW shall be used to advise an operator that a condition exists
which is marginal. YELLOW shall also be used to alert the operator to
situations where caution, recheck, or unexpected delay is necessary.

d. GREEN shall be used to indicate that the monitored equipment is in
tolerance or a condition is satisfactory and that it is all right to proceed
(e.g., “go-ahead”, “in-tolerance”, “ready”, “function activated”)~

e. WHITE shall be used to indicate system conditions that do not have
“right” or “wrong” implications, such as alternative functions “e.g., Missile
No. 1 selected for launch, etc.) or transitory conditions (e.g., action or
test in progress, function available), provided such indication does not imply
success or failure of operations.

f. BLUE may be used for an advisory light, but preferential use of BLUE
should be avoided.

5.2.2.1.19 Flashing lights. The use of flashing lights shall be minimized.
Flashing lights should be used only when it is necessary to call the
operator’s attention to some condition requiring immediate action. The flash
rate shall be within 3 to 5 flashes per second with approximately equal
amounts of ON and OFF time~ Flashing lights which could be simultaneously
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active should have synchronized flashes. If the indicator is energized and
the flasher device fails, the light shall illuminate and burn steadily (see
5.3.2.4).

5.2.2.2 Legend lights.

5.2.2.2.1 Use. Legend lights shall be used in preference to simple
indicator licj~ except where design considerations demand that simple
indicators be used.

5.2.2.2.2 Color coding. Legend lights shall be color coded in conformance
with 5.2.2.1.18. Legend lights required to denote personnel or equipment
disaster (FLASHING RED), caution or impending danger (YELLOW), and master
summation go (GREEN) or no-go (RED), shall be discriminably larger, and
preferably brighter, than all other legend lights.

5.2.2.2.3 Positive vs negative legend. Whenthe operator’s dark adaptation
must be maintained, or where legib~lity in high ambient illumination is
critical , illuminated label/opaque background-format shall be used and
illuminated background/opaque label format shall be used only for critical
alerting indicators (e.g., master warning lights). Where operator dark
adaptation is not required, illuminated background/opaque label format should
be used; contrast reversal-may be employed under these conditions to designate
displays which have physical appearance similar to legend switches on the same
panel .

5.2.2.2.4 Letterin
d“

The size and other characteristics of lettering shall
conform to 5. or as otherwise specified by the procuring activity.

5.2.2.2.5 Visibility and legibility. In other than aircrew stations, and
with the exception of warning and caution indicators, the lettering on
single-legend indicators shall be visible and legible whether or not the
indicator is energized.-

5.2.2.2.6 Multi-function legends. Indicators designed to provide
alternately-presented legends shall present only one legend at a time, i.e.,
only the legend in use shall be visible. If the indicator device utilizes
“stacked” legends, it shall be designed so that:

When the rear legend is energized, it shall not be obscured by the
front ;;gend.

b. Parallax is minimized.

c. Rear legends have approximately equal brightness to front legends,
and the contrast between rear legends and background is equal to that of the
front legend and its background.

5;2.2.3 Simple indicator liqhts.
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5.2.2.3.1 Use. Simple indicator lights should be used when design
considerations preclude the use of legend lights.

5.2.2.3.2 Spacin~. The spacing between adjacent edges of simple round
indicator light fixtures shall be sufficient to permit unambiguous labeling,
signal interpretation, and convenient bulb removal.

5.2.2.3.3 Coding. Simple indicator lights shall be coded in conformance
with Table 11; however, the different sizes shown are intended only for the
attention-getting value that larger lights of at least equal luminance provide
in relation to indicator lights of lesser importance~

5.2.2.4 Transilluminated panel assemblies.

5.2.2.4.1 Use. Transilluminated (integrally lighted) panel assemblies may
be used to: —

a. Provjde illuminated labels for a control panel.

b. Provide a light source for illuminating transilluminated control
knobs.

c. Provide illuminated association markings on a control panel, e.g.,
connecting lines between controls, outlines around a functionally-related
group of controls or displays or both.

d. Create a pictorialized representation of a system process,
communication network, or other informati on~component organization.

5.2.2.4.2 Large, sinqle pictorial graphic panels. Large, single Pictorial
graphic panels, used to display system processing, communications networks or
similar applications, shall comply with requirements for visibility,
legibility, color and illumination as specified herein.

5.2.2.4.3 Re-lampin . When replaceable incandescent lamps are used as the
illuminant source for ?nteg-ral lighting of panel assemblies, lamps shall be
readily accessible without disconnecting the panel(s). A sufficient number of
lamps shall be provided so that failure of one lamp will not cause any part of
the display to be unreadable.

5.2.2.4.4 Brightness. Brightness of illuminated markings and
transilluminated controls shall be compatible with the ambient environment and
operating conditions (e.g., dark adaptation requirements). Brightness control
(dq~ing) by the operator shall be provided where applicable to maintain
appropriate visibility and operator dark adaptation level.

5.2.3 Scale indicators.

5.2.3.1 General.
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5.2.3.1.1 Types of scale indicators. The types of scale indicators that
may be used include:

a.
straight,

b.
straight,

Moving-pointer, fixed-scale, circular, curved (arc), horizontal
and vertical straight.

Fixed-pointer, moving-scale, circular, curved (arc), horizontal
and vertical straight.

5.2.3.1.2 Use. The use of scale indicators should conform to the criteria
in Table Ill ~well as the specific criteria contained in this section.
Moving-pointer, fixed-scale indicators are preferred to fixed-pointer,
moving-scale indicators. The latter should be used only when necessitated by
operation? requirements or other conditions, and when approved by the
procuring activity.

5.2.3.1.3 Type of information. Scale indicators should be used to display
quantitative information in combination with qualitative information (such as
trend and direction-of-motion) and where only ’quantitative information is to
be displayed and there is no requirement (such as speed and accuracy of
response) which demands the use of printers or cOuntersa

5.2.3.1.4 Linear scales. Except where system requirements clearly dictate
nonlinearity to satisfy operator information requirements, linear scales shall
be used in preference to nonlinear scales.

5.2.3.1.5 Scale markings.

5.2.3.1.5.1 Graduations. Scale graduations shall progress by 1, 2, Or 5
units or decimal multiples thereof.

5.2.3.1.5.2 Intermediate marks. The number of minor or intermediate marks
between numbered scam pointers shall not exceed nine.

5.2.3.1.6 Numerals.

5.2.3.1.6.1 Major marks. Except for measurements that are normally
expressed in decimals, whole numbers shall be used for major graduation marks.

5.2.3.1.6.2 Startinq point. Display scale shall start at zero, except
where this would be inappropriate for the function involved.

5.2.3.1,7 Pointers.

5.2.3.1.7.1 Length. The control or display pointer should extend to, but
not overlap, the shortest scale graduation marks.

5.2.3.1.7.2 .Tip configuration. The pointer tip should be tapered at a

350mrad (20°) angle [(40°) included angle], terminating in a flat tip equal
in width to the minor scale graduations.

39

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



-— —— ... . _

I

.

2

40

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

5.2.3.1.7.3 Mountin
+“

The pointer shall be mounted as close as possible to
the face of the la to minimize parallax.

5.2.3.1.7.4 Color. Pointer color from the tip to the center of the dial
shall be the sa~ the color of the narks. The tail of the pointer shall be
the same color as the dial face, unless the tail is used as an indicator
itself or unless the pointer is used for horizontal alignment.

5.2.3.1.8 Luminance contrast. Luminance contrast (see 3.17) of at least
3.0 shall be provided between the scale face and the markings and pointer.

5.2.3.1.9 Calibration information. Provision shall be made for placing
calibration informat~on on Instruments without degrading dial legibility.

5.2.3.1.10 Coding.

5.2.3.1.10.1 Use. Coding on the face of scale indicators may be used to
convey such lnfo~tion as desirable operating range, dangerous operating
level, caution, undesirable, and inefficient.

5.2.3.1.10.2 Pattern- or color-coding. When certain operating conditions
always fall within a given range on the scale, these areas shall be made

readily identifiable by means of pattern- or color-coding applied to the face
of the instrument.

5.2.3.1.10.3 Choice of colors. Red, yellow, and green may be applied,
provided they conform to the meanings specified in 5.2.2.1.18 and are
distinguishable under all expected lighting conditions.

5.2.3.1.10.4 Pattern codinq. Zone scales may be shape coded when the
indicator must be viewed in blackout stations or where the illuminant color
will cause difficulty in color band discrimination.

5.2.3.2 Moving-pointer, fixed-scale indicators.

5.2.3.2.1 Numerical progression. The increase of numerical progression on
fixed scales shall read clockwlse, from left to right, or from the bottom up,
depending on display design and orientation.

5.2.3.2.2 Orientation. Numbers on stationary scales shall be oriented in
the upright position.

5.2.3.2.3 Circular scales.

5.2.3.2.3.1 Scale reading and pointer movement. The magnitude of the scale
reading shall increase with clockwise movement of the pointer.

5.2.3.2.3.2 Zero position and direction of movement. When positive and
negative values are d?splayed around a zero or a null position, the zero or
null point shall be located at either the 12 or 9 o’clock position. The
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magnitude of positive values shail increase with clockwise movement uf the.
pointer, and the magnitude of negative values shall increase with
counterclockwise movement.

5.2.3.2.3.3 Scale break. There shall be an obvious break of at least
175 mrad (10°) of arc between the two ends of the scale, except on
multirevolution instruments such as clocks.

5e~a3.263.~ Number of pointers. Whenever precise readings are required not*
more than two coaxial po~nters shall be mounted on one indicator face.

5.2.3.2.3.5 Pointer alignment. When a stable value exists for given
operating condit~ons In a group of circular-scale indicators, the indicators
shall be arranged either in rows so that all pointers line up horizontally on
the 9 o’clock position under normal operating conditions or in columns so that
all pointers line up vertically in the 12 o’clock position under nonna]
operating conditions. If a matrix of indicators is needed, preference shall
be given to the 9 o’clock position.

5.2.3.2.3.6 Relative position of scale marks and numbers. When reading
time and accuracy are crit~cal, circular scale markings and location of
associated numbers shall be arranged to prevent pointers from covering any
portion of the scale marks or numerals, and scale marks shall be on or close
to the plane of the pointer tip to avoid visual parallax (see Figure 3). If
readout accuracy is not critical (i.e., gross relationship between the pointer
and number is all that is required), an arrangement of numerals inside the
scale annulus may be used. (See examples in Figure 3).

5.2.3.2.4 Curved (arc), horizontal straight, and vertical straiqht scales.

5.2.3.2.4.1 Scale readinq and pointer movement. The magnitude of the scale
reading shall increase with movement of the po~nter up or to the right.

5.2.3.2.4.2 Zero position and direction of movements. When positive and
negative values are displayed around a zero point, the magnitude of positive
values shall increase with movement of the pointer up or to the right, and the
magnitude of negative values shall increase with movement of the pointer down
or to the left.

5.2.3.2.4.3 Placement of pointers. Pointers shall be located to the right
of vertical sca~es and at the bottom of horizontal scales.

5.2.3.2.4.4 Placement of numerals. Numerals shall be placed on the side of
the graduation marks away from the pointer to avoid having numbers covered by
the pointer. If space is limited (for curved or arc scales) numerals may be
placed inside of graduation marks to avoid undue constriction of the scale.

5.2.3.2.4.5 Pointer alignment. When a common stable value exists for given
operating conditions In a group of indicators, they shall be arranged either
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in rows so that all pointers line up horizontally (for vertical scales) or in
columns so that all pointers line up vertically (for horizontal scales).

5.2.3.3 Fixed-pointer, moving-scale indicators.

5.2.3.3.1 Numerical progression. On fixed-pointer, moving scale
indicators, numbers shall progress in magnitude in clockwise direction around
the faces of circular dials (counter-clockwise dial movement for numerical
increase). On vertical or horizontal straight moving scales, numbers shall
increase from bottom to top or from left to right.

5.2.3.3.2 Orientation. Numerals on moving scales shall be upright when in
the reading poslt~on.

5.2.3.3.3 Alignment of pointer or fixed reference line. For circular
scales, alignment of pointer or fixed reference line shall be in the
12 o’clock position for right-left directional information and in the
9 o’clock position for up-down information. For purely quantitative
information, either position may be used.

5.2.3.3.4 Settin
-%*

If the display will be used for setting in a value
(e.g., tuning In a esired wavelength), the unused portion of the dial face
shall be covered, and the open window shall be large enough to permit at least
one numbered graduation to appear at each side of any setting.

5.2.3.3.5 Trackin If the display will be used for tracking, as in the
+.indicatorcase of a directlona , the whole face of the dial shall be exposed.

5.2.3.3.6 Moving tape displays. When the scale length required for
acceptable readout accuracy exceeds the limits of the display package capacity
(i.e., compaction of scale-marking would make the display illegible or subject
to readout error), moving tape scale format may be used.

5.2.3.3.7 Composite scalar/pictorial displays. Combinations of scales,
pointers and pictorialized symbols may be used to combine functionally-related
information into a single instrument or display (e.g., artificial horizon,
command heading, true/relative bearing). Design of significant reference
features (e.g., aircraft or ship symbols, horizon, altitude or pitch scales)
shall conform to the general criteria herein for direction-of-motion,
scale-pointer relationships, and legibility.

5.2.4 Cathode ray tube (CRT) dis~lays.

5.2.4.1 Siqnal size. When a target of complex shape is to be distinguished
from a nontarget shape that is also complex, the target signal should subtend
not less than 6 mrad (20 minutes) of visual angle and should subtend not less
than 10 lines or resolution elements. Image quality shall be consistent with
the operator’s needs.
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5.2.4.2 Viewing distance. A 400mm (16 in) viewing distance shall be
provided whenever practicable. When periods of scope observation will be
short, or when dlm signals must be detected, the viewing distance may be
reduced to 250 mm (10 in). Design should permit the observer to view the
scope from as close as desired. Displays which must be placed at viewing
distances greater than 400 mm (16 in) due to other considerations shall be
appropriately modified in aspects such as display size, symbol size,
brightness ranges, line-pair spacing and resolution.

5.2.4.3 Screen luminance. The ambient illuminance shall not contribute
more than 25% of screen brightness through diffuse reflection and phosphor
excitation. A control shall be provided to vary the CRT luminance from 10% of
minimum ambient luminance to full CRT luminance. A control shall be provided
to vary the luminous symbal/dark background or dark symbol/luminous background
contrast ratio. Contrast adjustment shall not be included jn flight deck
displays because they are disallowed by FAA regulation.

5.2.4.4 Faint signals. When the detection of faint signa?s is required and
when the ambient illuminance may be above 2.7 lux (0.25 ft-c), scopes shall be
hooded, shielded, or recessed. (In some instances, a suitable filter system
may be employed, subject to approval by the procuring activity.)

5.2.4.5 Luminance range of adjacent surfaces. The luminance range of
surfaces immed~ately adjacent to scopes shall be between 10% and 100% of
screen background luminance. With the exception of emergency indicators, no
light source in the immediate surrounding area shall be of a greater luminance
than the CRT signal.

5.2.4.6 Ambient illuminance. The ambient illuminance in the CRT area shall
be appropriate for other visual functions (e.g., setting controls, reading
instruments, maintenance) but shall not degrade the visibility of signals on
the CRT display. When a CRT display is used in variable ambient illuminance,
illuminance controls shall be provided to dim all light sources, including
illuminated panels, indicators and switches in the immediate surround.
Automatic adjustment of CRT brightness may be used if the CRT brightness is
automatically adjusted as a function of ambient illuminance and the range of
automatic adjustment is adequate for the full range of ambient illuminance.

5,2.4.7 Reflected glare. Reflected glare shall be minimized by proper
placement of the scope relative to the Ijght source, use of a hood or shield,
or optical coatings on the CRT or filter control over the light source.

5.2.4.8 Adjacent surfaces. Surfaces adjacent to the scope shall have a
dull matte tinish.

5.2.4.9 Pictorial/graphic situation formats. Pictorial or situation data
such as plan position indicator data, shall be presented as luminous symbols/
dark background.
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5.2.4.iO Font ~egibilit~. Where alpha-numeric characters appear OP
CRT-?ike displays, the font style shall allow discrimination of similar
characters, such as letter 1 and number 1; letter Z and number 2.

5.2.5 Large-screen displays.

5.2.5.1 Use. Large-screen displays may be used when:

%. ~ grwp of operators frequently refer to the same information and
are required to interact as a team, based on the same information.

b. One or more members of a team of operators must move about, yet
require frequent referral to information required to make decisions, but which
they cannot carry with them, or do not have displayed at their assigned
position~s).

c. Space or other constraints preclude the use of individual displays
for each team member to call Up commonly-used information.

d. It may be desirable to have general information available to persons
who should not interrupt on-going group operations by looking over the
shoulder(s) of individual operator(s) to see their individual displays.

5.2.5.2 Avoidance. Large-screen displays shall be used only when the
spatial and environmental conditions allow satisfactory observational geometry
to insure that all critical operators have appropriate visual access in terms
of viewing distance, angle and lack of interference from intervening objects,
personnel or ambient lighting. If the display is optically projected, see
5.2.6.6.

5.2.5.3 Viewing distance. The display shall not be placed further from an
observer than will provide appropriate resolution of critical detail presented
on the display (see legibility requirements of 5.5). The display shall not be
closer to any observer than 1/2 the display width or height, whichever is
greater.

5.2.5.4 Physical interruption of view. Large screen displays shall not be
located with respect to critical observers so that the view of the display is
obscured regulariy by persons moving about--by normal traffic patterns.

5.2.5.5 Control of displayed information. Control of large-screen group
display systems shall ensure that crit~cal information cannot be modified
or deleted inadvertently or arbitrarily; and therefore:

a. Control of changes in the group display shall be under the control
of designated operators who operate according to pre-established procedures,
upon command of a person in charge, or bott~.

b. When an individual must make changes that are of interest only to -
him or her, a separate, remote display shall be proviaed,
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5.2.5.6 Content of displayed information. The content of displayed
information shall be evident to a trained observer without requiring reference
to display control settings.

5.2.6 Other displays.

5.2.6.1 General.

5.2.6.1.1 Types. Where appl~cable, d+
plotters, flags, optical projection, LED,
electroluminescent displays may be used.

5.2.6.1.2 Applications. The selection
various applications shou?d be based on t
well as the criteria in Table 111.

beet-reading counters, printers,
gas discharge, liquid crystal and

of the above types of displays for
~e follfwinq specific criteria as

5.2.6.2 Counters.

5.2.6.2.1 Use. Counters should be used for presenting quantitative data
when a contin~s trend indication is not required and when a quick, precise
indication is required.

5.2.6.2.2 Mounting. Counters shall be mounted as close as possible to the
panel surface so as to minimize parallax and shadows and maximize the viewing
angle.

5.2.6.2.3 Spacing between numerals. The horizontal separation between
numerals shall be between one-quarter and one-half the numeral width. Commas
shall not be used.

5.2.6.2.4 Movement.

a. Snap action. Numbers shall change by snap action in preference to
continuous movement.

b. Rate. Numbers shall follow each other not faster than 2 per second
when the observer is expected to read the numbers consecutively.

c. Direction. The rotation of the counter reset knob shall be
clockwise to increase the counter indication or to reset the counter.

d. Reset. Counters used to indicate the sequencing of equipment shall
be designed to be reset automatically upon completion of the sequence.
Provision shall also be made for manual resetting. Where pushbuttons are used
to manually reset mechanical counters, actuating force required shall not
exceed 16.7 N (60 OZ).

5.2.6.2.5 Illumination. Counters shall be self-illuminated when used in
areas in which ambient illumination will provide display luminance below
3.5 cd/m2 (1 ft-L).
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5.2.6.2.6 Finish. The surface of the counter drums and surrounding areas
shall have a ~inish to minimize glare.

5.2.6.2.7 Contrast. Color of the numerals and background shall provide
high contrast”~on white or converse, as appropriate).

5.2.6.3 Printers.

5.2.6.3.1 Use. Printers should be used when a visual record of data is
necessary or =irable. Use of printers should conform to Table III.

5.2.6.3.2 Visibility. The printed matter shall not be hidden, masked or
obscured in a manner that impairs direct reading.

5.2.6.3.3 Contrast. A minimum of 3.0 luminance contrast shall be provided
between the printed material and the background on whtch it is printed.

5.2.6.3.4 Illumination. The printer shall be provided with internal
illumination if the printed matter is not legible in the planned operational
ambient illumination.

5.2.6.3.5 Take-up provision.
be provided.

5.2.6.3.6 Annotation. Where
the printed matter (e.g., paper

A take-up device for printed material shall

applicable, printers should be mounted so that
, metalized paper) may be easily annotated

while still in the printer.

5.2.6.3.7 Le ibilit The print output shall be free from character line
‘+~er tilt or smear.misregistratlon,

5.2.6.3.8 Printed tapes. The information on the tapes shall be printed in
such a manner that It can be read as it is received from the machine without
requiring the cutting and pasting of tape sections.

5.2.6.3.9 Control$ replenishment and service. Printers shall conform to
the criteria of 5.2.6.4.8.

5.2.6.4 Plotters and recorders.

5.2.6.4.1 Use. Plotters and recorders may be used when a visual record of
continuous gr~ic data is necessary or desirable.

5.2.6.4.2 Visibilit
+“

Critical graphics (those points, curves and grids
that must be o served when the recording is being made) shall not be obscured
by pen assembly, arm or other hardware elements.

5.2.6.4.3 Contrast. A minimum of 1.0 luminance contrast (see 3.17) shall
be provided between the plotted function and the background on which it is
drawn.
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5.2.6.4.4 Take-up device. A take-up device for extruded plotting materials
shall be provided when necessary or desirable.

5.2.6.4.5 Job aids. Graphic overlays should be provided where these may be
critical to proper interpretation of graphic data as it is being generated.
Such aids shall not obscure or distort the data.

5.2.6.4.6 Smudging/smearing. The plot should be resistant to smudging or
smearing under operational use.

5.2.6.4.7 Annotation. Where applicable, plotters and recorders should be
designed or mounted so that the operator can write on or mark the paper while
it is still in the plotter/recorder.

5.2.6.4.8 Control, replenishment and service. Plotters and recorders shall
conform to crlterla herein with regard to:

6. Controls and displays used to start, stop or adjust the machine and
critical operating elements.

b. Positive indication of the remaining supply of plotting materials
(e.g., paper, ink, ribbon).

c. Insertion, adjustment for operation, and removal of paper,
replenishment of ink supply, replacement of pen or other items detemined to be
operator tasks, without requiring disassembly, special equipment or tools.

d. Minor servicing on site by a technician, e.g., adjustment of drive
system, cleaning, or replacement of operating items that ordinarily would
not be available to an operator.

5.2.6.5 Flags.

5.2.6.5.1 Use. Flags should be used to display qualitative, non-emergency
conditions. ~of flags should conform to Table 111.

5.2.6.5.2 Mountin .
+

Flags shall be mounted as close to the surface of the
panel as posslb e without restricting their movement or obscuring necessary
information.

5.2.6.5.3 Snap action. Flags shall operate by snap action.

5.2.6.5.4 Contrast. A minimum of 3.0 luminance contrast (see 3.17) shall
be provided between flags and their backgrounds under all expected lighting
conditions.

5.2.6.5.5 Malfunction indication. When flags are used to indicate the
malfunction of a visual display, the malfunction position of the flag shall
obscure part of the operator’s view of the malfunctioning display and shall be
readily apparent to the operator under all expected levels of illumination.
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5.2.6.5.6 Legend. When a legend is provided on the flag, the lettering
shall appear upr~ght when the flag assumes the active or no-go position.

5.2.6.5.7 Test provision. A convenient means shall be provided for testing
the operation of flags.

5.2.6.6 Large screen optical projection displays.

5.2.6.6.1 Use. Providing ambient light can be properly controlled, optical
projection dl~ays are suitable for applications requiring group
presentation, pictorial and spatial information, past history vs real-~ime
presentation, synthetically generated pictures, simulation of the external
world and superposition of data from more than one source. Rear projection
shall be used where physical obstructions to front projection result in poor
visibility or where Wofk areas require high ambi~n~’ i~lumination for other
activities.

5.2.6.6.2 Seatin area.
‘~

Viewing distance/image width relationship and
off-center vlewlng o optical projection displays for group viewing should
conform to the preferred limits of Table IV and shall not exceed the
acceptable limits indicated. For individual viewing from a fixed location,
off-centerline viewing shall not exceed 175 mrad (lOO).

TABLE IV. GROUPVIEWINGO FOPTICALPROJECTION DISPLAYS

w

PREFERRED ACCEPTABLE
FACTOR OPTIMUM LIMITS LIMITS

viewing dirtance
Ratio of 4 3-6 2-8

screen diagonal

Angle off centerline Omrad (0°) 3SOmrad (20°) 525mrad (30°)

“Image luminance (no filmin
operating projector) 3S cd/m2 27-48&/m2 17–70al/m2

(lOft–L) (8–14ft-L) (S-20ft-L)

Luminancevwiation ●crosss~een
(ratioofmaximum to minimum
luminance) 1 1.5 3.0

Luti al variation asa function
ofviewing lowtion (ratioof maximum
to minimum luminan=) 1 2.0 4.0

Ratio of
●mbient light

o 0.002-0.01 0.1 max””
brightest partof image

“For still projeaions higher valws may-k used
●@For presentations not involving gray s~leor color (e.g., Iinc drawings, tables) 0.2 may be used,

●
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5.2.6.6.3 Image luminance and light distribution. Image luminance and
liqht distribution should conform to the preferred limits and shall not exceed
tn= acceptable limits of Table IV. In any case, the lwnlnance of the screen
center at maximum viewing angle shall be at least half its maximum luminance.

5.2.6.6.4 Legibility of projected data.

5.2.6.6.4.1 St le.
+

A simple style of numerals and letters shall be used.
Capital letters sha 1 be used, rather than lower case, except for extended
copy or lengthy messages. Stroke width shall be 1/6 to 1/8 of numeral or
letter height, but may be narrower for light markings on a dark background.
Stroke width shall be the same for all letters and numerals of equal height.
Letter and numeral widths, character spacing and word spacing shall conform to
5.5.5.5> 5.5.5.6, 5.5.5.10, and 5.5.5.11, respectively.

5.2.6.6.4,2 Size. The height of letters and numerals should be not less
than 4.5 mrad (’minutes) of visual angle and, in no instance, shall be
less than 3 mrad (1!3minutes) as measured from the longest anticipated
viewing distance.

5.2.6.6.4.3 Contrast.

5.2.6.6.4.3.1 Luminance ratio. Under optimal ambient lighting conditions,
the luminance ratio (see 3.18) for optically projected displays should be
500:1. The minimum luminance ratio for viewing charts, printed text and other .
linework via slides or opaque projectors shall be 5:1. For projections which
are limited in shadows and detail, such as animation and photographs with
limited luminance range, the minimum luminance ratio shall be 25:1. For
images which show a full range of colors (or grays in black-and-white
photographs), the minimum luminance ratio shall be 100:1.

5.2.6.6.4.3.2 Direction of contrast. Contrast may be either light on a
dark background or vice-versa, except where superposition is used. For
subtractive superposition (at the source), data shall be presented as dark
markings on a transparent background. For additive superposition (at the
screen), data shall be presented as light markings on an opaque background.
Colored markings against colored backgrounds of comparable brightness shall be
avoided.

5.2.6.6.4.4 Aliqnment. Misregistration of superimposed alphanumeric data
or other symbols shall be minimized.

5.2.6.6.5 Keystone effects. Projector-screen arrangement shall minimize
“keystone effect,” e.g., distortion of projected data proportions due to
non-perpendicularity between projector and screen.

5.2.6.7 Light emitting diodes (LEDs).

5.2.6.7.1 General. In general, the standard for LEDs shall be the same as
the requireme~ transillumi nated displays, paragraph 5.2.2 of this
standard, unless specified below.
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5.2.6.7.2 Use. LEDs may be used for transilluminated displays, including
legend and si~e Indicator lights, and for matrix (alphanumeric) displays,
only if the display is bright enough to be readable in the environment of
intended use (enclosure, bright sun?ight, low temperature).

5.2.6.7.3 Intensity control. The dimming of LEDs should be compatible with
the dimming of incandescent lamps.

5.2.6.7.4 Color codin
~“

LED color coding shall conform to 5.2.2.1.18,
herein, with t e exception of red alpha-numeric displays; however, red LEDs
should-not be located” in the proximity of red lights used as outlined in
5.2.2.1.18.

5.2.6.7.5 Lam testin LED indicator lights with 100,000 hours or longer
~;ilure) shall not!!T3F (mean time between require the lamp test capability

specified in 5.2.2.1.14.

5.2.6.8 Dot matrix/segmented displays.

5.2.6.8.1 General. The design criteria below shall be applied to those
displays (LED, CRT, gas discharge, liquid crystal and incandescent) used for
the presentation of alphanumeric and symbolic information.

5.2.6.8.2 Use. Dot matrix, fourteen segment and sixteen segment displays
may be used f~applications involving interactive computer systems,
instruments, avionics, navigation and communication equipment, where the
presentation of alphanumeric, vector-graphic, symbolic or real-time
information is required. Seven segment displays shall only be used for
applications requiring numeric information.

5.2.6.8.3 Symbol definition. The smallest definition for a dot matrix
shall be 5 by 7 dots, with 7 by 9 preferred. If system requirements call for
symbol rotation, a minimum of 8 by 11 is required, with 15 by 21 preferred.

5.2.6.8.4 Alphanumeric character and symbol sizes. Alphanumeric and
symbolic characters shall not subtend less than 4.7 mrad (16 rein) of visual
a~gle. Flight display characters, which must be read under aircraft
environmental conditions, shall subtend not less than 7 mrad (24 rein) of
visual angle.

5.2.6.8.5 Use of upper case. Alphanumeric characters shall be upper case.

5.2.6.8.6 Viewing angle. The optimum viewing angle is perpendicular to
the display. Dot matrix or segmented displays should not be presented for
viewing at an angle larger than 610 mrad (35°) off axis.

141 I

5.2.6.8.7 Emitter color. Monochromatic displays shall use the following
colors in-order of preference: green (555nm), Yellow (575nm), orange (585nm),
and red (660nm). Blue emitters should be avoided.
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5.2.6.8.8 Intensity control. Dimming controls shall be provided where
applicable to malntaln appropriate legibility and operator dark adaptation
1evel .

5.2.6.8.9 Display testin~. See 5.2.6.7.5.

5.2.6.8.10 Location of red alphanumeric LEDs/segmented displays. Red LEDs/
segmented displays shall not be grouped with or located adjacent to red
warning lights.

5.2.6.9 Electroluminescent displays.

5.2.6.9.1 Use. Electroluminescent displays may be used wherever system
requirements dictate the use of transillu~inated displays. In addition, they
may replace existing mechanical instrumentation while offering advantages of
lighter weight, conservation of panel space, lower power requirements, lack of
heat production, uniform distribution of illumination, longer life,
elimination of parallax and flexibility of display. Electro?umlnescent
displays may also be used where sudden lamp failure could result in
catastrophic consequences.

5.2.6.9.2 Alphanumeric character and symbol sizes. The height of
alphanumeric characters and geometric and pictorial symbols shall not subtend
less than 4.5 mrad (15 minutes) of visual angle. Alphanumerical characters
shall be composed of upper case letters. Flight display alphanumerics shall
not subtend less than 7 mrad (24 minutes) of visual angle to insure adequate
legibility under aircraft environmental conditions.
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5.3 Audio displays.

5.3.1 General.

5.3.1.1 Use. A~dio displays should be provided when:

a. The information to be processed is short, simple, and transitory,
requiring immediate or time-based response.

b. The common mode of visual display Is restricted by over-burdening;
ambient light variability or limitation; operator mobility; degradation of
vision by vibration, high g-forces, hypoxia, or other environmental
considerations; or anticipated operator inattention.

c. The criticality of transmission response makes supplementary or
redundant transmission desirable.

d. It is desirable to warn, alert, or cue the operator to subsequent
additional response.

e. Custom or usage has created anticipation of an audio display.

f. Voice communication is necessary or desirable.

5.3.1.2 Signal type. When an audio presentation is required, the optimum
type of signal should be presented in accordance with the Table V.

5.3.1.3 False alarms. The design of audio display devices and circuits
shall preclude false alarms.

5.3.1.4 Failure. The audio display device and circuit shall be designed to
preclude warning signal failure in the event of system or equipment failure
and vice versa.

5.3.1.5 Circuit test. All audio displays shall be equipped with circuit
test devices or other means of operability test.

5.3.1.6 Aircrew stations. Audio signals for air crew stations shall
conform to MIL-STD-411, where applicable.

5.3.1.7 Use with several visual displays. One audio signal may be used in
conjunction with several VIsual displays, provided that immediate
discrimination is not critical to personnel safety or system performance.

5.3.2 Audio warnings.

5.3.2.1 Warning signals. Audio signals should be provided, as necessary,
to warn personnel of Impending danger, to alert an operator to a critical
change in system or equipment status, and to remind the operator of a critical
action or actions that must be taken. An alerting/warning system or signal
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TABLE V. FUNCTIONAL EVALUATION 0~ AUDIO SIGNALS

TYPE OF SIGNAL

FUNCTION TONES COMPLEX SOUNDS

I
(Periodic) (Non-Periodic)

SPEECH

7’

k

POOR POOR GOOD

QUANTITATIVE Maximum of 5 to 6 tonas Interpolation batwaen Mmlmurrt trma ●nd uror m

INDICATION ●tilutdv mcogtllzabfa. sqjnah Inacawate. obtmning exact valw m

term Sxm’nmbta With

raeprmm.

POOR-TO-FAIR POOR GOOD

Dlfflcult tO JU~ ~ppfOXl- Oifflcult to judge approxi. Infornntton anarnmg

mat. rmka and dwactmn mat. davrauon from de. dtspiaamant, dtmcsron, ●td

QUALITATIVE of dawatmn from null Swacf wb. rat. praeentad m form corm

INDICATION *W unlaas prasontad patlbla with r~t.rrratf

m clq temfmra I rasportm.

Saquance.

GOOD GOOD x

Start ●nd stop trrniq. Espaaaw awtabk for Irwthiant: more emsdy

STATUS Continuous information wregular~ oaurrmg ntdtad; Wobtem of

lNDICATltXU where rate of change of signals (e.g., alarm signals). repa~h~.

input rt low.

FAIR POOR GOOD

Nulf ~artton amly Required qualmmve . Masnwtg mtrmmc m sional.

TRACKING monmrad; problem of !ndocatlons dtfftcult to

stgnal+aaponae -mpati. prov?da .

brhtv.

Good f- 8Ut0M8tic oom- Sonu so- ●vwkble with Moat effoctwe ftw mpid (but

muttiatson of hmnacf common maanm9 (e.g. for. not ●utomatic) tmmmumtatron

mformatton. Mcanm9 ball) . Eaedy ganamtad. of cortt@aJ(, muludtrttartmonal

GENERAL muxt be karnad. Ea~ly mformetton. M~nmg mtrwmrc

ganaratad. In srgnal ●nd contoxt when

startdardizal. Mmtrrum of

naw karrtutQ raquwti.
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shall provide the operator with a greater probability of detecting the
triggering condition than his normal observation would provide in the absence
of the alerting/warning system or signal. NOTE : Certain audio signa?s have
been standardized for aircraft use by joint service and international
agreement. Stipulation of audio signals for future aircraft design should be
in consonance with these agreements (see MIL-ST9-411).

5.3.2.2 Nature of signals. Audio warning signals should normally consist
of two elements: an alerting signal and an identifying or action signal.

5.3.2.2.1 Two element signals. when reaction time is critical and a two
element signal is necessary, an alerting signal of 0.5 second duration shall
be provided. All essential information shall be transmitted in the first
2.0 seconds of the Identifying or action signals.

5.3.2.2.2 Single element signal. When reaction time is critical, signals
shall be of short duration. a single element signal is permissible, all
essential informtioti shall be transm~t ted in the first 0.5 second.

5.3.2.3 Caution signals. Caution signals shall be readily distinguishable
from warning signals and shall be used to indicate conditions requiring
awareness, but not necessarily immediate action.

5.3.2.4 Relation to visual displays. When used in conjunction with vjsual
displays, audio warning devices shall be supplementary or supportive. The
audio _kignal shall be used to alert and direct operator attention to the
appropriate visual display.

5.3.3 Characteristics of audio warning signals.

5.3.3.1 Frequency.

5.3.3.1.1 Ran e.
+

The frequency range shall be between ZOO and 5,000 Hz
and, if possib e, between 500 and 3,000 Hz. When signals must travel over
300 m (985 ft), sounds with frequencies below 1,000 Hz should be used.
Frequencies below 500 Hz should be used when signals must bend around
obstacles or pass through partitions. The selected frequency band shall
differ from the most intense background frequencies and shall be in accordance
with other criteria in this section.

5.3.3.1.2 Spurious signals. The frequency of a warning tone shall be
different from that of the eTectric power employed in the system, to preclude
the possibility that a minor equipment failure may generate a spurious signal.

5.3.3.2 Intensity.

5.3.3.2.1 Compatibility with acoustical environment. The intensity,
duration and source locatlon of audio alarms and slgna~s shall be compatible
with the acoustical environment of the intended receiver as well as the
requirements of other personnel in the signal areas.
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5.3.3.2.2 Compatibility with clothing and equipment. As applicable, audio
signals shall be loud enough to be heard and understood through equipment or
garments (e.g., parka hood, NBC protective hood, hearing protective devices)
covering the ears of the listener.

5.3.3.2.3 Discomfort. Audio warning signals should not be of such intensity
as to cause discomfort or “ringing” in the ears as an after-effect.

5.3.4 Signal characteristics in relation to operational conditions and
objectives.

5.3.4.1 Audibilit
+“

A signal-to-noise ratio of at least 20 dB shall be
provided in at east one octave band between 200 and 5,000 Hz at the operating
position of the intended receiver.

5.3.4.2 Alerting capability.

5.3.4.2.1 Attention. Signals with high alerting capacity should be
provided when the system or equipment imposes a requirement on the operator
for concentration of attention. Such signals shall not, however, be so
startling as to preclude appropriate responses or interfere with other
functions by holding attention away from other critical signals.

5.3.4.2.2 Onset and sound pressure level. The onset of critical alerting
signals should be sudden, and a relatively high sound pressure level should be
provided as specified 5.3.4.1.

5.3.4.2.3 Dichotic presentation. When earphones wtll be worn in the
operational situation, a dichotic presentation should be used whenever
feasible, alternating the signal from one ear to the other by means of a
dual-channel headset.

5.3.4.2.4 Headset. When the operator is wearing earphones covering both
ears during n~quipment operation, the audio warning signal shall be
directed to the operator’s headset as well as to the work area. Binaural
headsets should not be used in any operational environment below 85 dB(A) when
that environment may contain sounds that provide the operator with useful
information when that information cannot be directed to the operator’s
headset. Such sounds may include voices, machine notse that indicates wear or
malfunction and other auditory indications of system performance/mission
status.

5.3.4.3 Discriminability.

5.3.4.3.1 Use of different characteristics. When several different audio
signals are to be used to alert an operator to different types of conditions,
discriminable difference in intensity, pitch, or use of beats and harmonics
shall be provided. If absolute discrimination is required, the number of
signals to be identified shall not exceed four.
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5.3.4.3.2 Codin .
.+

Where discrimination of warning signals from each other
will be critlca to personnel safety or system performance, audio signals
shall be appropriately coded. Alarms that are perceptibly different shall
correlate with different conditions requiring critically different operator
responses (e.g., maintenance, emergency conditions, and health hazards). Such
signals shall be sufficiently different to minimize the operator’s search of
visual displays.

5.3.4.3.3 Critical signals. The first 0,5 second of an audio signal
requiring fast reaction shall be discriminable from the first 0.5 second of
any other signal that may occur. Familiar signals with established names or
associations shall be selected. Speech should be used whenever feasible.

5.3.4.3.4 Action se ment.
~

The identifj~ing or action segment of an audio
warning signs spec~fy the precise emergency or condition requiring
action.

5.3.4.3.5 Differentiation from routine signals. Audio alarms intended to
bring the operator’s attention to a malfunction or failure shall be
differentiated from routine signals, such as bells, buzzers, and normal
operation noises.

5.3.4.3.6 Prohibited types of signals. The following types of signals
shall not be used as warning devices where possible confusion might exist
because of the operational environment:

a. Modulated or interrupted tones that resemble navigation signals or
coded radio transmissions.

b. Steady signals that resemble hisses, static, or sporadic radio
signals.

c. Trains of impulses that resemble electrical interference whether
regularly or irregularly spaced in

d. Simple warbles which may
carriers when one is being shifted
effect).

e. Scrambled speech effects
signals from adjacent channels.

time.

be confused with the type made by two
in frequency (beat-frequency-oscill ator

that may be confused with cross modulation

f. Signals that resemble random noise, periodic pulses, steady or
frequency modulated simple tones, or any other signals generated by standard
countermeasure devices (e.g., “bagpipes”).

9* Signals similar to random noise generated by air conditioning or any
other equipment.

5.3.4.4 Compatibility.
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5.3.4.4.1 Existing signals. The meaning of audio warning signals selected
for a system should be consistent with warning signal meanings already
established for that function.

5.3.4.4.2 Acoustic environment. Established signals shall be used,
provided they are compatible with the acoustic environment and the
requirements specified here~n for the voice communication system. Standard
signals shall not be used to convey new meanings.

5.3.4.5 Masking.

5.3.4.5.1 Other critical channels. Audio warning signals shall not
interfere with any other critical functions or warning signals, or mask any
other critical audio signals.

5.3.4.5.2 Separate channels. Where a warning signal delivered to a headset
might mask another essential audio signal, separate channels may be provided
to direct the warning signal to one ear and the other essential audio signal
to the other ear. In such a situation and when required by operating
conditions, this dichotic presentation may further provide for alternation of
the two signals from ear to ear.

5.3.5 Verbal warning signals.

5.3.5.1 Nature of signals. Verbal warning signals shall consist of:

a. An initial alerting signal (nonspeech) to attract attention and to
designate the general problem.

b. A brief standardization speech signal (verbal message) which
identifies the specific condition and suggests appropriate action.

5.3.5.2 Intensity. Verbal alarms for critical functions shall be at least
20 di3above the speech interference level at the operating position of the
intended receiver.

5.3.5.3 Vocal criteria.

5.3.5.3.1 Type of voice. The voice used in recording verbal warning
signals shall be distinctive and mature.

5.3.5.3.2 Deliver
l+++”

Verbal warning signals shall be presented in a
formal , impersona

5.3.5.4 Speech processing. Verbal warning signals shall be processed only
when necessary to Increase or preserve intelligibility, such as by increasing
the strength of consonant sounds relative to vowel strength. Uhere a signal
must be relatively intense because of high ambient noise, peak-clipping (see
3.24) maybe used to protect the listener against auditory overload.
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5.3.5.5 !lessage content. In selecting words to be used in audio warning
signals, priority shall be given to intelligibility, aptness, and conciseness
in that order.

5.3.5.6 Message categories.

5.3.5.6.1 Critical warning signals. Critical warning signal shall be
repeated with not more than a 3-second pause between messages until the
condition is corrected or overridden by the crew.

5.3.5.6.2 tlessage priorities. A message priority system shall be
established and more critical messages shall override the presentation of any
message occuring below it on the priority list. If two or more incidents or
malfunctions occur simultaneously, the message having the higher priority
shall be given first. The remaining messages shall follow in order of
priority. In the event of a complete subsystem failure, the system shall
integrate previous messages via electronic gating and report the system rather
than the component failure.

5.3.6 Controls for audio warning devices.

5.3.6.1 Automatic or manual shut-off. ldhen an audio signal is designed
to persist as long as It contr~butes useful information, a shut-off switch
controllable by the operator, the sensing mechanism, or both, shall be
provided, depending on the operational situation and personnel safety factors.

5.3.6.2 Automatic reset. Whether audio warning signal are designed to be
terminated automatically, by manual control, or both, an automatic reset
function shall be provided. The automatic reset function shall be controlled
by the sensing mechanism which shall recycle the signal system to a specified
condition as a function of time or the state of the signaling system so that
the warning device can sound again tf the condition repeats.

5.3.6.3 Redundant Visual blarnin~. All non-verbal aural annunciations shall
be accompanied by a visual annunciation which defines the condition. In a
cockpit, this may be an illuminated display. In the case of a warning horn on
a backing vehicle, the vehicle’s backward motion is adequate visual
annunciation.

5.3.6.4 Volume control.

5.3.6.4.1 Automatic or manual. The volume (loudness) of an audio warning
signal shall be designed to be controlled by the operator, the sensing
mechanism, or both, depending on the operational situation and personnel
safety factors. Control movements shall be restricted to prevent reducing the
volume to an inaudible level.

5.3.6.4.2 Ganging to mode switches. Volume controls may be ganged to mode
switches to provide maximum output during mission phases in which intense
noise may occur and to provide reduced volume at other times. Ganging shall

61

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

not be accomplished if there is a possibility that intense noise may occur in
an emergency situation during a mission phase in which the volume would be
decreased below an audible level.

5.3.6.4.3 Caution signal controls. Audio caution signals shall be provided
with manual reset and volume controls.

5.3.6.5 Duration. Audio warning signal duration shall be at least
0.5 second, and may continue until the appropriate response is made.
Completion of a corrective action by the operator or by other means shall
automatically terminate the signal.

5.3.6.6 Duration limitations. In an emergency situation, signals that
persist or increase progressively in level shall not be used if manual
shut-off may interfere with the corrective action required.

5.3.7 s~eech transmission eaui~ment.

5.3.7.1 Frequency. Microphones and associated system-input devices shall
be designed to respond optimally to that part of the speech spectrun most
essential to intelligibility (i.e., 200 to 6,100 Hz). Where system
engineering necessitates speech-transmission bandwidths narrower than 200 to
6,100 Hz, the minimum acceptable frequency range shall be 250 to 4,000 Hz.

5.3.7.2 D namic ran e.
~

The dynamic range of a microphone used with a
selected amp Ifler sha be great enough to admit variations in signal input
of at least 50 dB.

5.3.7.3 Noise canceling microphones. In very loud, low frequency noise
environments (100 dB overall) noise canceling microphones shall be used and
shall be capable of effecting ’an improvement of not less than 10 dB
peak-speech to root-mean-square-noise ratio as compared with
non-noi se-cancelling microphones of equivalent transmission characteristics.

5.3.7.4 Pre-emphasis. If necessary, speech system input devices should
employ frequency pre-emphasis with a positive slope frequency characteristic
no greater-than-18 dB per octave from 140 to 1,500 to and no-greater than 9 dB
per octave over the frequency range 1,500 to 4,800 Hz, when no clipping is
used.

5.3.7.5 Peak-clipp ing of speech signals. Where speech signals are to be
transmitted over channels showing less than 15 dB peak speech to
root-mean-square-noise ratios, peak clipping of 12 to 20 dB may be employed at
system input and may be preceded by frequency pre-emphasis as specified in
5.3.7.4.

5.3.7.6 Noise shields. When the talker is in an intense noise field, the
microphone should be put in a noise shield. Noise shields should be designed
to meet the followi ng”requirements:
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a. A volume of at least 250 cu cm (15.25 cu In) to permit a pressure
gradient microphone to function normally.

t). A good seal against the face with the pressure of the hand or the
tension of straps.

c. A hole or combination of holes covering a total area of 65 sq mm
(0.1 sq in) in the shield to prevent pressure buildup.

d. Prevention of a standing wave pattern by shape, or by use of sound
absorbing material.

e. No impediment to voice effort, mouth or jaw movement or breathing.

5.3.8 Speech reception equipment.

5.3.8.1 Frequency range. Headphones and loudspeakers shall be subject to
the same fre~uencv response restrictions as microphones and transmission
equipment except ~hat loudspeakers for use in multi-speaker installations and
multiple channels fed into headphones (e.g., where several speech channels are
to be monitored simultaneously) shall respond uniformly (*5 dB) over the
range 100 to 4,800 Hz.

5.3.8.2 Loudspeakers for multi-channel monitoring.

5.3.8.2.1 Monitoring of speakers. When several channels are to be monitored
simultaneously by means of loudspeakers, the speakers shall be mounted at
least 175 mrad (10”) apart in the horizontal plane frontal quadrant, ranging
radially from ti/4 rad (45°) left to m/4 rad (45°) right of the operator’s
normal forward facing position.

5.3.8.2.2 Filterin
+“

When additional channel differentiation is required,
apparent Iatera separation shall be enhanced by applying low-pass filtering
(frequency cutoff, Fc = 1,800 Hz) to signals fed to loudspeakers on one side
of the central operator position. If there are three channels involved, one
channel shall be left unfiltered, a high pass filter with 1,000 Hz cutoff
shall be provided in the second channel, and a low-pass filter with 2,500 Hz
cutoff shall be provided in the third channel. A visual signal shall be
provided to show which channel is in use.

5.3.8.3 Use of de-emphasis. When transmission equipment employs
pre-emphasis and peak clipping is not used, reception equipment shall employ
frequency de-emphasis of characteristics complementary to those of
pre-emphasis only if it improves intelligibility, i.e., de-emphasis shall be a
negative-slope frequency response not greater than 9 dB per octave over the
frequency range 140 to 4,800 Hz.

5.3.8.4 Headsets. If listeners will be working in high ambient noise
(85 dB(A) o~, binaural rather than monaural headsets shall be provided.
Unless operational requirements dictate othrwise, binaural headsets shall be
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wired so that the sound reaches the two ears in opposing phases. Their
attenuation qualities should be capable of reducing the ambient noise level to
less than 85dB(A). Provisions should be incorporated to furnish the same
protection to those who wear glasses.

5.3.9 Operator comfort and convenience.

5.3.9.1 Comfort. Communication equipment to be worn by an operator (e.g.,
headphones ~ephone headsets) shall be designed to preclude operator
discomfort. Metal parts of the headset shall not come in contact with the
user’s skin.

5.3.9.2 Hands-free operation. Operator microphones, headphones, and
telephone headsets shall be designed to permit hands-free operation under
normal working conditions.

5.3.9.3 Accessibility of handsets. Where communication requirements
necessitate the use of several telephone handsets. the accessibllit.y of their
standby locations shall be determined by operational priority, i.e., the most
frequently or urgently needed handset shall be the most accessible.
Color-coding may also be employed where operating personnel will have visual
contact with headsets under the working conditions.

5.3.10 Operating controls for voice conununication equipment.

5.3.10.1 Volume controls. Accessible volume or gain controls shall be
provided for each commun~cation receiving channel (e.g., loudspeakers or
headphones) with sufficient electrical power to drive sound pressure level to
at least 100 dB overall when using two earphones, and shall have pressure
operated gain control switches to-compensate for-altitude in unpressurized
compartments. The minimum setting of the volume control shall be limited to
an audible level, i.e., it shall not be possible to inadvertently disable the
system with the volume control. While separation of power (on-off) and volume
control adjustment functions into separate controls is preferred, should
conditions justify their combination, a noticeable detent position shall be
provided between the OFF position and the lower end of the continuous range of
volume adjustment. When combined power and volume controls are used, the OFF
position shall be labeled.

5.3.10.2 Sauelch control. Where communication channels are to be
continuously monitored, each channel shall be provided with a signal-
activated switching device (squelch control) to suppress channel-noise during
no-signal periods. A manually operated, on-off switch, to deactivate the
squelch when receiving weak signals, shall be provided.

5.3.10.3 Foot-operated controls. When normal working conditions will
permit the operator to remain seated at the working position and access to
“talk-listen” or “send-receive” control switches are required for normal
operation or if console operation requires the use of both hands,
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foot-operated controls shall be provided. Hand-operated controls for the same
functions shall be provided for emergency use and for use when the operator
may need to move from one position to another.

5.3.11 Speaker/side tone. The speaker’s verbal input shall be in phase
with its reproduction as heard on the headset. This side tone should not be
filtered or modified before it is received in the headset.

5.3.12 Speech intelligibility.

5.3.12.1 General. When information concerning the speech intelligibility
of a system mired, three recommended methods are available, with the
appropriate selection being dependent upon the requirements of the test.

a. The ANSI standard method of measurement of phonetically balanced (PB)
monosyllabic word intelligibility, S3.2-1960, should be used when a high
degree of test sensitivity and accuracy is required.

b. The modified rhyme test (HRT) (see Human Engineering Guide to
Equipment Design) should be used if the test requirements are not as stringent
or if time and training do not permit the use of the ANSI method.

c. The articulation index (AI) calculations should be used for
estimations, comparison and predictions of system intelligibility based upon
ANSI S3.5-1969.

5.3.12.2 Criteria. The intelligibility criteria shown in Table VI shall be
used for voice communication. The efficiency of communications needed and the
type material to be transmitted shall determine which of the three
communication requirements of Table VI is to be selected.

TABLEVI. intelligibility CRITERIA FOR
VOICE COMMUNICATIONS SYSTEMS

COMMUNICATION’ SCOREI
REQUIREMENT ?6 MRT Al

Exceptionallyhighintelligibility;
Separatesyllablesunderstood 9096 97% 0.7

Normally ac~ptableintelligibility;
about98%of sentences correctly

Iteard;singl edigits understood 75% 91% 0.5

Minimally acceptableinteiiigibiiity;
iimited standardized phmesunder-
stood;d20ut90%sentamxscorrectiy
Iward(not acusptabieforopera-
tiodequiprnmt} 43% 75% 0.3
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5.4 Controls.

5.4.1 General criteria.

5.4.1.1 Selection.

5.4.1.1.1 Distribution of work load. Controls shall be selected and
distributed so that none of the operator’s limbs will be overburdened.

5.4.1.1.2 G-loading. Where applicable, control selection shall include
consideration of operation under variable g-loading on the operator.

5.4.1 .1.3 Multirotation controls. Multirotation controls shall be used
when precision is required over a wide range of adjustment.

5.4.1.1.4 Detent controls. Detent controls shall be selected whenever the
operational mode requires control operation in discrete steps.

5.401.1.5 Sto s.
+

Stops shall be provided at the beginning and end of the
range of contro positions if the control is not required to be operated
beyond the indicated end positions or specified limits.

5.4.1.2 Direction of movement.

5.4.1.2.1 Consistency of movement. Direction of control movement shall be
consistent with the related movement of an associated display, equipment
component, or vehicle. In general, movement of a control’ forward, clockwise
to the right, or up, or pressing a control, shall turn the equipment or
component on, cause the quantity to increase, or cause the equipment or
component to move forward, clockwise, to the right, or UP. Valve controls are
excepted (see 5.4.1.2.4).

5.4.1.2.2 Multidimensional operation. When the vehicle, the equipment, or
the components are capable of motion In more than two dimensions, exception to
5.4.1.2.1 shall be made if necessary to ensure consistency or anticipated
response (e.g., forward motion of a directional control causes some vehicles
to dive or otherwise descend rather than to simply move forward). When
several controls are combined in one control device, caution shall be
exercised to avoid conflicts (e.g., control motion to the right is compatible
with clockwise roll, right turn, and direct movement to the right).

5.4.1.2.3 Operator-control orientation. Controls shall be oriented with
respect to the operator. Where the operator may use two or more vehicle
operator stations, the controls shall cause movement oriented to the operator
at the effecting station, unless remote visual reference is used.

5.4.1.2.4 Valve controls. Rotary valve controls should open the valve with
a counterclockwise motion. Valve controls shall be provided with double-ended
arrows showing the direction of operations and labeled at each end to indicate
the functional result (e.g., open and close).
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5.4.1.3 Arrangement and grouping.

5.4.1.3.1 Grouping. All controls which function in sequential operation
necessary to a particular task, or which operate together, shall be grouped
together along with their associated displays. When several steps of a
sequence are selected by one control, the steps shall be arranged by order of
occurrence to minimize control movements and prevent cycling through
unnecessary steps. Cycling through the control’s ON/OFF position shal? be
avoided.

5.4.1.3.2 Sequential operation. Where sequential operations follow a fixed
pattern, controls shall be arranged to facilitate operation (e.g., in a
pattern left-to-right and top-to-bottom, as a printed page).

5.4.1.3.3 Location of primary controls. The most important and frequently
used controls shall have the most favorable position with respect to ease of
reaching and grasping (particularly rotary controls and those requiring fine
setting+

5.4.1.3.4 Consistency. The arrangement of functionally similar, or
identical , primary controls shall be consistent from panel to panel throughout
the system, equipment, or vehicle, e.g., a movement of a control to the right
or left should result in a corresponding movement of a displayed element to
the right or left.

5.4.1.3.5 Remote controls. Where controls are operated at a position
remote from the display, equipment, or controlled vehicle, they shall be
arranged to facilitate- direction-of-movement consistency.

5.4.1.3.6 Maintenance and adjustment. In general, controls used solely for
maintenance and adjustment shall be covered during normal equipment operation,
but shall be readily accessible and visible to the maintenance technician when
required.

5.4.1.3.7 Spacing. Minimum spacing between controls shall comply with
Table VII. Spacing between a control and any adjacent obstruction shall be as
shown by the figures referenced by Table VII. Minimum spacing shown shall be
increased for operation with gloves, mittens, or NBC protective handwear, when
such operation is a system requirement.

5.4.1.4 Coding.

5.4.1.4.1 Methods and requirements. The use of a coding mode (e.g., size
and color) for a particular application shall be governed by the relative
advantages and disadvantages of each type of coding. Where-coding is used to
differentiate among controls, application of the code shall be uniform
throughout the system. (See Table VIII for advantages and disadvantages.)
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5.4.1.4.2 Location-codln~. Controls associated with similar functions
should be in the same relatlve location from operator work station to work
station and from panel to panel.

5.4.1.4.3 Size-codinq. No more than three different size of controls shall
be used in coding controls for discrimination by absolute size. Controls used
for performing tfie same function on different items of equipment shall be the
same size. When knob diameter is used as the coding parameter, differences
between diameters Sha?l not be less than 13 mm (0.5”). When knob thickness is
the coding parameter, differences between thicknesses shall not be less than
lomfn (0.4”).

5.4.1. 4.4 Shape-coding. Primary use of shape coding for controls is for
‘dentif~ca:ion of control knobs or handles by “feel;” however, shapes shall be
Identifiable both visually and tactually. When shape coding is used:

a. The coded feature shall not interfere with ease of control
clanlp’ulatlon.

b. Shapes shall be identifiable by the hand regardless of the position
and orientation of the control knob or handle.

c. Shapes shall be tactually identifiable when gloves are worn, where
applicable.

d. A sufficient number of identifiable shapes shall be provided to
cover the expected number of controls that require tactual identification.

e. Shape coded knobs and handles shall be positively and ncn-reversab?y
attached to their shafts to preclude incorrect attachment when replacement is
required.

f. Shapes should be associated with or resemble control function, and
not alternate functions.

5.4.1.4.5 Color-codinq.

5.4.1.4.5.1 Choice of colors. Controls shall be black (17038, 27038, or
37038) or gray 126231 or 36231). If color coding is required, only the
following colors identified in FED-STD-595 shall be selected for control
coding.

a. Red, 11105, 21105, 31105

b. Green, 14187

c. Orange-Yellow, 13538, 23538, 33538

d. White, 17875, 27875, 37875

e. Blue, 15123 shall be used if an additional color iS absolutely
necessary.
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5.4.1.4.5.2 Immediate action controls. Color coding of immediate action
controls for aircraft shall conform to MIL-M-18012.

5.4.1.4.5.3 Relation to display. When color-coding must be used to relate
a control to its corresponding d~splay, the same color shall be used for both
the control and the display.

5.4.1.4.5.4 Control panel contrast. The color of the control shall provide
contrast between the panel background and the control.

5.4.1.4.5.5 Ambient lighting and color-coding exclusion. Color coding
shall be compat~ble with anticipated ambient lighting throughout the mission.
Color-coding shall not be used as a primary identification medium if the
spectral characteristics of ambient light during the mission, or the
operator’s adaptation to that light, varies as the result of such factors as
solar glare, filtration of light, and variation from natural to artificial
light. If red lighting is to be used during a portion of the mission,
controls which would otherwise be coded red shall be coded by orange-yellow
and black striping.

5.4.1.5 Labelinq of controls. Control labeling shall conform to the
criteria in paragraph 5.5.

5.4.1.6 Compatibility with handwear. Controls shall be compatible with
handwear to be utilized in the anticipated environment. Unless otherwise
specified, all dimensions cited herein are for bare hands and should be
revised where necessary for use with gloves or mittens.

5.4.1.7 Blind operation. Where “blind” operation is necessary, hmid
controls shall be shape-coded, or separated from adjacent controls by at least
125mm (5 in.).

5.4.1.8 Prevention of accidental actuation. -

5.4.1.8.1 Location and design. Controls shall be designed and located so
that they are not susceptible to being moved accidentally, particularly
critical controls whose inadvertent operation might cause damage to equipment,
injury to personnel or degradation of system functions.

5.4.1.8.2 Internal controls. Internal or hidden controls should be
protected, because it is usually not obvious that such controls have been
disturbed and it may be difficult and time consuming to locate and readjust
them.

5.4.1.8.3 Rapid operation. Any method of protecting a control from
inadvertent operation shall not preclude operation within the time required.

5.4.1.8.4 Methods. For situations in which controls must be protected from
accidental actuation, one or more of the following methods, as applicable,
shall be used:
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a. Locate and orient the controls so that the operator is not likely to
strike or move them accidentally in the normal sequence of control movements.

b. Recess, shield, or otherwise surround the controls by physical
barriers. The control shall be entirely contained within the envelope
described by the recess or barrier.

c. Cover or guard the controls. Safety or lock wire shall not be used.

d. Provide the controls with interlocks so that extra movement (e.g.,
a side movement out of a detent position or a pull-to-engage clutch) or the
prior operation of a related or locking control is required.

Provide the controls with resistance (i.e., viscous or COUIOfTTb
fricti%, spring-loading, or inertia) so that definite or sustained effort is
required for actuation.

f. Provide the controls with a lock to prevent the control from passing
through a position without delay when strict sequential activation is
necessary (i.e., the control moved only to the next position, then delayed).

9* Design the controls for operation by rotary action.

5.4.1.8.5 Dead man controls. Dead man controls, which will result in
system shut-down to a non-critical operating state when force is removed,
shall be utilized wherever operator incapacity can produce a critical system
condition.

5.4.1.8.6 Foot-operated controls.

5.4.1.8.6.1 Use. Foot-operated controls may be used under the following
conditions: —

a. Control operation requires either greater force than the upper body
can provide or force close to an upper body fatigue threshold.

.
b. The operator’s hands are generally occupied by other manual control

tasks at the same moment that an additional control action is required.

c. Specific foot-operated controls have been so well established that
the operator expects such operating functions to be performed using foot
controls (e.g., aircraft rudder/brake pedals, automotive clutch, brake and
accelerator pedals).

d. A safety “shut-down” control is required during an operation in
which the operator’s hands cannot be freed to reach a safety switch.

5.4.1.8.6.2 Avoidance. Foot operated controls should not be used under
the following conditions:
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a. Where a standing operator is confronted with a sensitive balancing
requirement (e.g., a moving platform where balancing on the non-operating foot

f~~t IS qoved from a support tomay become difficult as the operating
actuating position).

b. Precise control operations are required.

co Selection from among 3 great many separate controls is required.

5.4.1.8.6.3 Operation. Foot controls shall be located and designed so they
can be operated in as natural a pattern as practicable. Specifically, the
following should be avoided:

a. Freauent, maximum ~eaching.

t). Requirement
periods of time.

c. Requirement
an extended period of

to hold the leg or foot in awkward position for extended

for the operator to operate a control frequently or for
time while sitting in a twisted position, i.e., pedals

shall be laid out symmetrically with reference to the operator’s principal
operating orientation.

d. Maximum force application frequently or for extended duration.

e. Requirement that the operator search for a particular foot control
in order to select the proper one.

f. Placement of a foot control where it might be stepped on and
inadvertently actuated, or where typical shifting from one foot control to
another creates conditions where the foot or clothing might be entrapped by an
intervening control as the operator shifts the foot from one control to
another.

5.4.1.8.6.4 Configuration and placement. Configuration and placement of
foot operated controls shall accommodate the anthropometry of the operator’s
foot wearing operational shoes or boots. They shall be located so that the
actuation of a control by one foot does not interfere with the actuation of
a control by another foot, and so that the movements of feet and legs are
natural and easily accomplished within the work station where foot controls
are located.

5.4.2 Rotary controls.

5.4.2.1 Discrete rotary controls.

5.4.2.1.1 Rotary selector switches.

5.4.2.1.1.1 Use. Rotary selector switches should be used for discrete
functions when =ee or more det~nted positions are required. Rotary selector
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switches should not be used for a two-position function unless prompt visual
identification of control position is of primary importance and speed of
control operation is not critical.

5.4.2.1.1.2 Moving pointer. Rotary selector switches should be designed
with a moving pointer and a fixed scale.

5.4.2.1.1.3 Sha e.
+

Moving pointer knobs shall be bar shaped, with parallel
sides, and the In ex end shall be tapered to a point. Exceptions may be
justified when pointer knobs are shape-coded or when space is restricted and
torque is light. Shape-coding shall be used when a group of rotary controls,
used for different functions, is placed on the same panel and control
confus~ofi might otherwise result.

5.4.2.1.1.4 Positions. A rotary selector switch which is not visible to
the operator during normal system operation shall have no more than 12
positions. A rotary switch that is constantly visible to the operator shall
nave not more than 24 positions. In addition, the fcllowing criteria shall
apply:

a. Rotary switch positions shall not be placed opposite each other
unless knob shape precludes confusion as to which end of the knob is the
pointer.

b. The switch resistance shall be elastic, building up, then
decreasing as each position is approached, so that the control snaps into
position without stopping between adjacent positions.

5.4.2.1.1.5 Contrast. A reference line shall be provided on rotary switch
controls. This line shall have at least 3.0 luminance contrast (see 3.17)
with the control color under all lighting conditions.

5.4.2.1.1.6 Parallax. The knob pointer shall be mounted sufficiently close
to its scale to minimize parallax between the pointer and the scale markings.
When viewed from the normal opertor’s position, the parallax errors shall not
exceed 25% of the distance between scale markings.

5.4.2.1.1.7 Dimensions, resistance, displacement, and separation. Control
dimensions, resistance, displacement, and separation between adJacent edges of
areas swept by rotary selector switches should conform to the criteria in
Figure 4.

5.4.2.1.2 Key operated switches (KOS).

5.4.2.1.2.1 Use. KOS are used to prevent unauthorized operation.
Ordinarily, the~ontrol system operation by go no-go.

5.4.2.1.2.2 Dimensions, displacement, and resistance. Dimensions,
displacement, and resistance shall conform to the criteria in Figure 5.
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Width Depth

I

L

~ength

25mm (1 in. )

100 mrn (4 im~

I 16 mm (5/8 in.) l15mN*m (1 in. –~b)

75 mm (3 in. ) i 680 mN “ m (6 in.–lb)
MInlmum

25mm (1 in. )Maximum

—.~

I

SEPARATIONDISPLACEMENT

A

—

one-Hond

Rondom

25 mm (1 tn.)

50 mm (2 in. )

Two-Hand

Oporotion*** I

!

262 mrad (l@)

700 mrad(40°)

!j25 mrad {30°)

1570mrad (90°)

75 mm (3 in.)
Minlmvm

Moximum

Preferred
125 mm (5 in. )

“ For facilitating porforma-
tactudlysepmaticm

● ●whOn special engin.ofiwr.wi~~-~ ~~nd lar~
(’W ind” ) positioned controls are required.

FIGURE 4. ROTARY SELECTOR SWITCH
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5.4.2.1.2.2 Dimensions, displacement, and resistance. Dimensions,
displacement, and resistance shall conform to the criteria in Figure 5.

5.4.2.1.2.3 Color, shape and size coclingo Color, shape, or size coding or
a combination may be used as follows:

a. Color may be used to aid in identifying various keys by function or
use location and when illumination is adequate to differentiate the colors.
Red (# 11105 or 21105 of FED-STD-595) shall be reserved for emergency
functions.

b. Shape coding may be used when it is desirable to identify a given
key by feel. When shape coding is used, sharp corners shall be avoided.

c. Size coding, within the height limits of Figure 5, may also be used
if no more than two sizes are employed.

5.4.2.1.2.4 Marking and labelina. Keylock switch applications shall
include approprafte posit~onal markings and labels (see 5.5).

5.4.2.1.2.5 Other requirements.

a. Keys with teeth on both edges, which fit the lock with either side
up or forward, are preferred

b. Keys with a single rm of teeth should be inserted into the lock
with the teeth pointing up or forward.

Locks should be oriented so the key’s vertical position is the OFF
positi~;.

d. Operators should normally not be able to remove the key from the
lock unless the switch is turned OFF.

Actuation of an item by a key operated switch should be accomplished
by tur;;ng the key clockwise from the vertical OFF position.

5.4.2.1.3 Discrete thumbwheel controls. “

5.4.2.1.3.1 Application. Thumbwheel controls may be used if the function
requires a compact digita~ control-input device (for a series of numbers] and
a readout of these manual inputs for verification. The use of thumbwheels for
any other purposes is discouraged. Detent indexing units should provide
10 positions (O - 9) in digital or binary (3 or 4 bits and complement)
outputs.

5.4.2.1.3.2 Sha e.
+

Each position around the circumference of a discrete
thumbwheel shal ave a concave surface or shall be separated by a
high-friction area which is raised from the periphery of the thumbwheel. The
thumbwheels shall riotpreclude viewing the digits within Ir/6 rad (30°) viewing
angle to the left and right of a perpendicular to the thumbwheel digits.
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thumbwheels shall not preclude viewing the digits within Tr/6rad (30°) viewing
angle to the left and right of a perpendicular to the thumbwheel digits.

5.4.2.~.3.3 Codin .

-?
Thumbwheel controls may be coded by location,

labeling, and color e.g., reversing the colors of the least significant digit
wheel as on typical odometers). Where used as Input devices, thutiwheel
~~!i~-h OFF or NORMAL positions should be color coded to permit a visual check
that the digits have been reset to their normal position:

5.4.2.1.3.4 Direction of movement. Moving the thumbwheel edge forward, or
upward, or to the right shall increase the setting.

5.4.2.1.3.5 Numerals.

5.4.2.1.3.5.1 Internal illuminance. For areas in which ambient
illumination will ~rovide display brightness below 3.5 cd/m2 (1 ft-L), the
thumbwheel shall be internally illuminated. Digits shall appear as -
j??lyll~~~~~~ characters on a black background, and their dimensions should
approximate the following:

a. Height: 4.8 mm (3/16”)

b. Hejght-to-Width Ratio: 3:2

c. Height.-to-Stroke Width Ratio: 10:1

5.4.2.1 .3.5.2 External illuminance. In areas where ambient illumination
4’” provide a display luminance above 3.5 cd/m2 (1 ft-L), internalVTlll

illumination is not required. Digits should be bold, black numerals engraved
on a light (or white) thumbwheel background. The dimensions should
approximate those specified in 5.4.2.1.3.5.1, except that the height-to-stroke
wtidth ratio should be approximately 5:1.

5.4.2.1.3.6 Visibility. Thumbwheel design shall permit viewing of inline
d~gital read-out from all operator positions.

5.4.2.1.3.7 Dimensions. Control dimensions shall conform to the criteria
in Figure 6.

5.4.2.1.3.8 Resistance. Detents shall be provided for discrete position
thumbwheels. Resistance shall be elastic, buildin~ UP and then decreasing as
each detent is approached so that the control snap; into position without
stopping between adjacent detents. The resistance shall be within the limits
indicated in Figure 6.

5.4.2.1.3.9 Separation. The separation between adjacent edges of
thumbwheel controls shall conform to the criteria in Figure 6 and shall be
sufficient to preclude accidental activation of adjacent controls during
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TROUGH
DIAMETER DISTANCE WIDTH DEPTH sEPARATION RESISTANCE

MINIMUM * mm 11 mm 3mm 3 mm 10 mm 1.7 N

[1-1/8 im) (7/16 im) (1/8 im) (1/8 in. ) (13/32 in.) (6 OZ)

MAXIMUM
75 mm 19 mm 13 mm 596 N

(3 i-) (3/4 i%) (1/2 irk) (20 Oz)

FIGURE 6. DISCRETE THUMBVVHEEL CONTROL
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5.4.2.2 Continuous adjustment rotary controls.

5.4.2.2.1 KflObS.

5.4.2.2.1.1 Use. Knobs should be used when low forces or precise
adjustments of =ontinuous variable are required. A moving knob with fixed
scale is preferred over a moving scale with fixed index for most tasks. If
positions of single revolution controls must be distinguished, a pointer or
marker should be available on the knob.

5.4.2.2.1.2 Dimensions, torque and separation. The dimensions of knobs
shall be within the Ilmlts speclf~ed in Figure 7. Within these ranges, knob
size is relatively unimportant, provided the resistance is low and the knob
can be easily grasped and manipulated. When panel space is extremely limited,
knobs should approximate the minimum values and should have resistance as low
as possible without permitting the setting to be changed by vibration or
merely touching the control. Resistance and separation between adjacent edges
of knobs shall conform to ~jgld~~ 7/ ●

5.4.2.2.1.3 Knob style. Unless otherwise specified by the procuring
activity, control knob style shall conform to MIL-STD-1348.

5.4.2.2.2 Ganged control knobs.

5.4.2.2.2.1 Application. Ganged knob assemblies may be used in limited
applications when panel space is at a premium. Two-knob assemblies are
preferred. Three-knob configurations should be avoided. Ganged knob
configurations should not be used under the following conditions:

a. Extremely accurate or rapid operations are required.

b. Frequent changes are necessary.

c. Heavy gloves must be worn by the operator.

d. Equipment is exposed to the weather or used under field conditions.

5.4.2.2.2.2 Dimensions and separation. Dimensions and separation should
conform to Figure 8.

5.4.2.2.2.3 Resistance. Resistance shall conform to requirements in
Figure 8. Knobs should Fe serrated. Fine serrations should be used on
precise adjustment knobs; coarse serrations should be used on gross
adjustment knobs.

5.4.2.2.2.4 Markinq. An indexing mark or pointer shall be provided on each
knob. Marks or-rs should differ sufficiently to make it apparent which
knob Indexing mark is being observed.
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Minimum
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Minimum

Optimum

Maximum

3a Fingertip

H

I+oight I

G ra SP

D

oi~twr

13 mm (1/2 in.) 10 mm (3/8 in.]

25 mm (1 In.) 100 mm (4 in.)

TORQUE

*

.

.

32 mN-m

(4-1 /2 m.+z.)

**

42 mNm

(6 in.-oz.)

DIMENSIONS

3b Thumb and Finger

Encircled

D

Dtomoter

,0Ic Poim C

I
D

/
Dlam-ter I

OB~

L

Lenqth

25 mm (1in.) IXl mm (1.1/2h)l 75 mm (3 in. )

75 mm (3 in. ) ~ 75 mm (3 in.)
I

SEPARATION

s s~
One Hand TWO Honds

IIndividually I Simultatoously

25 mm (1irk)

50 mm (2 n.)

50 mm (2 in.)

25 mm (5 in.)

I

‘To ~rj including 25 mrn (1.0 in. j diamote knobs
““&~mr than 25 mm (1.0 m.) diamotw knobs

FIGURE 7. KNOBS
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5.4.2.2.2.5 Knob/display relationship. when eacn knob of a ganged assembly
must be related to an array of visual displays, the knob closest to the panel
shall relate to the left-most display in a horizontal array, or the uppermost
display in a vertical array (see Figure 8).

5.4.2.2.2.6 Inadvertent operation. When it is critical to prevent
inadvertent activation of one knob as the other is being adjusted, a secondary
knob control movement shall be required (e.g., pressing tbe top knob before it
can be engaged with its control shaft). Where inadvertent novement is
undesirable but not necessarily critical, knob diameter/depth relationships
should be optimized as shown in Figure 8. Contrasting colors between knobs
may also be used to improve individual knob identification.

5.4.2.2.3 Continuous adjustment thumbwheel controls.

5.4.2.2.3.1 Use. Continuously adjustable thumbwheel controls may be used
as an alternati~to rotary knobs when the application will benefit from the
compactness of the thumbwheel device.

5.4.2.2.3.2 Orientation and movement. Thumbwheels sha?l be oriented and
move in the directions specified in Figure 9. If a thumbwheel is used as a
continuous control which affects vehicle motion, movement of the thumbwheel
forward or Up shall cause the vehicle to move down or forward.

5.4.2.2.3.3 Turnin aids.
+

The rim of the thumbwheel shall be serrated or
provided with a rlctlon surface to aid the operator in manipulating the
control.

5.4.2.2.3.4 Dimensions, separation and resistance. Dimensions, separation
and resistance shall conform to criteria in Figure 9.

5.4.2.2.3.5 Labeling and visibility. Marking and labeling shall conform to
requirements herein, with respect to visibility of markings and legibility of
label alphanumerics.

5.4.2.2.3.6 OFF osition. A detent shall be provided for continuous .
~osition.thumbwheels having an

5.4.2.2.4 Cranks.

5.4.2.2.4.1 Use. Cranks should be used for tasks requiring many rotations
of a control, p=icularly where high rates or large forces are involved. For
tasks involving large slewing movements, plus small, fine adjustments, a crank
handle may be mounted on a knob or handwheel, the crank for slewing and the
knob or handwheel for fine adjustments. Where cranks are used for tuning, or
other processes involving numerical selection, each rotation should correspond
to a multiple of 1, 10, 100, etc. Simultaneously operated handcranks should
be used in preference to other two-axis controllers where extreme precision is
required in setting crosshairs or retitles as in map readouts or optical
sighting mechanisms (as opposed to tracking). This type of control may also

.-

-.
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be used in other applications requiring x-y control provided there is no
requirement for rapid or frequent operation. The gear ratio and dynamic
characteristics of such cranks shall allow precise placement of the follower
(e.g., crosshairs) without overshooting or undershooting and successive
corrective movements.

5.4.2.2.4.2 Gri The crank grip handle shall be designed so that
-’shaft.it turns freely aroun

5.4.2.2.4.3 Dimensions, resistance and separation. Dimensions, resistance
and separation between adJacent swept circular areas of cranks shall conform
to the criteria of Figure 10.

5.4.2.2.4.4 Folding handle. If a crank handle could become a hazard to
persons passing by, or it is critical that the handle not be inadvertently
displaced by being accidentally bumped, a folding handle type control should
be used. Such a control shall be designed so that the handle is spring-loaded
to keep it extended in the cranking position when in use and folded when not
in use.

5.4.2.2.4.5 Crank balance. In applications where resistance is light, the
crank shall be balanced to prevent the handle weight from turning the crank
from its last setting.

5.4.2.2.5 Handwheels. (Two-hand operated)

5.4.2.2.5.1 Use. Handwheels, designed for nominal two-hand operation,
should be used ~n the breakout or rotational forces are too high to be
easily overcome with a one-handed control, provided that two hanc!s are
available for this task. Typical applications are steering, latch securing,
valve opening/closing and direct-linkage adjustment.

5.4.2.2.5.2 Turning aids. Knurling, indentation, high-friction covering,
or a combination of these shall be built into the handwheel to facilitate
operator grasp for applying maximum torque and to reduce the possibility of
the wheel’s being jerked from the operator’s hands.

5.4.2.2.5.3 Spinner handles. For applications where the wheel may be
rotated rapidly through several revolutions, a spinner handle may be added.
Such handles shall not be used, however, if the projecting handle is
vulnerable to inadvertent displacement of a critical wheel setting or if it
creates a safety hazard.

5.4.2.2.5.4 Direction of movement. Except for valves (see 5.4.1.2.4),
handwheels shall rotate clockwise for ON or INCREASE and counterclockwise for
OFF or DECREASE. The direction of motion shall be indicated on the handwheel,
or immediately adjacent thereto, by means of arrow and appropriate legends.

●

5.4.2.2.5.5 Dimensions, resistance, displacement and separations Control
dimensions, res~stance, displacement and separation between edges of adjacent
+andwheels -shall conform to the criteria in Table IX.
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v
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A
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L
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I

FIGURE 10. CRANKS
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5.4.2.2.5.6 Steering wheel shape. Except for established uses in
submarines, armored combat vehicles, aircraft, and other applications where
maximum wheel deflection does not eYCPPd ~?/3 Vrad (1200), all steering wheels
shall be round.

5.4.2.2.5.7 Power steering failure. Steering systems shall be designed
with sufficient mechanical advantage to meet the force requirements of Table
IX, even when the primary operatin~ mode is powerassistec, I.e., the operator
shall be able to steer the vehicle to a safe stop in the event of a power
failure.

5.4.2.2.5.8 Steering ratio. Steering systems should be designed so that
the maximum turning limits of the vehicle can be achieved with no more than
314 turns if consistent with force limits of Table IX.

5.4.3 Linear controls.

5.4.3.1 Discrete linear controls.

5.4.3.1.1 Push buttons (finger or hand operated).

5.4.3.1.1.1 Use. Push buttons should be used when a control or an array of
controls is nee~ for momentary contact or for activating a locking circuit,
particularly in high-frequency-of-use situations.

5.4.3.1.1.2 Shape. The push button surface should normally be concave
(indented) to fit the finger. When this is impractical, the surface sha~~
provide a high degree of frictional resistance to prevent slir)~inq.

5.4.3.1 .1.3 Positive indication. A positive indication of control
activation shall be provided (e.g., snap feel, audible click, or integral
light).

5.4.3.1.1.4 Channel or cover quard. A channel or cover guard shall be
provided when it is imperative to prevent accidental activation of the
controls. When a cover guard is in the open position, it shall not interfere
with operation of the protected device or adjacent controls.

5.4.3.1.1.5 Dimensions, resistance, displacement, and separation. Except
for use of push buttons in keyboards, control dimensions, resistance,
displacement, and separation between adjacent edges of finger or hand-operated
pushbuttons shall conform to the criteria !n Figure 11.

5.4.3.1 .1.6 Interlocks or barriers. Mechanical interlocks or barriers may
be used instead of the spacing required by Figure 11.

5.4.3.1.2 Foot operated switches.

5.4.3.1.2.1 Use. Foot-operated switches shculd be used only where the
operator is lik~ to have both hands occupied when switch activation may be
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DIMENSIONS RESISTANCE

DIAMETER
D Different

Fingdp Thumb or Palm Single Finger ‘ Fingers Thumb or Palm
t

Minimum I %5 mm (3/8 in.) 19 mm (3/4 in. ) I 2X N (1OOZ.) 1.4 N (5 OZ.) 28 N (10 Od

Maximum 25mm (1 W 11 NMOod 5.6 N (20 OZ.) 23N (8OOd

I DISPLACEMENT

A

Finge~ip Thumb or Paim

Minimum 2mm(w64 h)’ 3 mm (1/8 In.)

M~imum 6mm(l14inJ 36 mm (1-1/2 h)

I SEPARATIOIU

s
Single Finger Different

Single Finger Sequential Fingers Thumb or Palm

Minimum 13 mm (1/2 in.) 6mm (1/4 In.) 6mm (1/4htJ 25 nun (1 in.)

Preferred 50 mm (2 in.) 13 mm (1/2 in.} 13fnm (1/2 in.) 150mm(6 in.)
h

Note: Above data for barehand application. For gloved hand operation,

minima should & suitably adjusted

FIGURE 11. PUSHBUTTONS (FINGER OR HAND OPERATED)
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required, or when load sharing among limbs is desirable. Because foot-
operated switches are susceptible to accidental activation, their uses should
be limited to non-critics? or infrequent operations such as press-to-talk
communication or vehicle headlight dimming.

5.4.3.1.2.2 Operation. Foot switches shall be positioned for operation by
the toe and the ball of the foot rather than by the heel. They shall not be
located so near an obstruction that the operator cannot center the ball of the
foot on the switch button. A pedal may be used over the button to aid in
location and operation of the switch. When the switch may become wet and
slippery, the switchcap surface should possess a frictional surface to
minimize the possibility of the foot slipping off the switch.

5.4.3.1 .2.3 !limensions, resistance and displacement. Dimensions, reistance
and displacement of

,
foot-operated sw~tches shall conform to the criteria in

Figure 12. Although not recommended (i.e., only one switch per foot is
preferred), when one foot is required to operate more than one switch, such
switches shall be at least 75 mm (3 in.) apart (horizontal); 200 mm (8 in.)
apart (vertical).

5.4.3.1.2.4 Feedback. A positive indication of control activation shall
be provided (e.g., snap feel, audible click, association visual or auditory
display).

5.4.3.1.3 Keyboards.

5.4.3.1.3.1 Use. Arrangements of push buttons in the form of keyboards
should be used ~n alphabetic, numerjc or special function information is
to be entered into a system.

5.4.3.1.3.2 Layout and configuration. The key configuration and the
number of keys are dependent upon the predominant type of information to be
entered into the system. The major forms that keyboards can take, which aid
in the entry of such information, are given below:

a. Numeric keyboard. The configuration of a keyboard used to enter
solely numeric information should be a 3 x 3 + 1 matrix with the zero digit
centered on the bottom row.

b. Alpha-numeric keyboard. Keyboard configurations for entry of
alphabetic and some numeric information shall conform to MIL-STD-1Z80. For
some applications the entry of data varies from primarily alphabetic to
primarily numeric. For these applications two alternatives are preferred:
Provide a keyboard of the type shown in Figure 2 of MIL-STD-1280 (where
there is no separation between alphabetic and numeric characters) or provide
a separation to emphasize the two separate functions, with the numeric
keyboard located to the right of the standard keyboard.

.

5.4.3.1.3.3 Dimensions, resistance, displacement, and separation. The
control dimensions, resistance, d~splacement and separation between adjacent
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--iDt-

●

DIAMETER RESISTANCE D~SMCEMENT

m

c)

13mm
(1/2 Id

10 N

i

4S N
[4lb) (10 lb)

=N

I

9onl

(20 lb) (2Q lb)

A

1

I
I

I
1

I

FIGURE 12. FOOT-OPERATED SWITCHES
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edges of the pushbuttons which form keyboards shall conform to the criteria
in Table X. For a given keyboard these criteria shall be uniform for all
individual keys. For those applications where operation while wearing
(trigger finger) arctic mittens is required, the minimum key size shall be
19mm (0.75 in). Other parameters are unchanged from those of bare-handed
operation (see Table X).

5.4.3.1.3.4 S10 e.
&

The slope of nonportable keyboards should be
260-435 mrad (1 - ) from the horizontal. The preferred slope is
280-300 mrad (17-180). The slope of a portable device can be varied
according to the preference of the operator.

5.4.3.1.3.5 Multiple keyboards. Systems containing more than one
keyboard shall mainta~n the same configuration for alphanumeric, numeric and
special function keys throughout the system.

5.4.3.1.3.6 Feedback. Feedback shall be provided to inform the operator
whether the key was pressed, the intended key was pressed, and the next
operation may be initiated, where applicable.

5.4.3.1.4 Toggle switch controls.

5.4.3.1.4.1 Use. Toggle switches should be used for functions which
require two dis~te positions or where space limitations are severe. Toggle
switches with three positions shall be used only where the use of a rotary
control, legend switch control, etc., is not feasible or when the toggle
switch is of the spring-loaded, center position-off type. Three position
toggle switches which are spring-loaded to center-off from only one other
position shall not be used if release from the spring-loaded position results
in switch handle travel beyond the off position. (Toggle switches are
considered herein to be discrete position controls. Small controls that are
the same size and shape as toggle switches and used for making continuous
adjustments are described herein as levers.)

5.4.3.1.4.2 Accidental actuation. When the prevention of accidental
actuation is of primary Importance (i.e., critical, dangerous, or hazardous
conditions would result), channel guards, lift-to-unlock switches, or other
equivalent prevention mechanisms shall be provided. Safety or lock wire shall
not be used. Resistance of lift-to-unlock mechanisms shall not exceed 13 N
(3 lb). If a cover guard is used, its location when open shall not interfere
with the operation of the protected device or adjacent controls.

5.4.3.1.4.3 Dimensions, resistance, displacement, and separation.
Dimensions, resistance, displacement, and separation between adjacent edges of
toggle switches shall conform to the criteria in Figure 13. Resistance should
gradually increase, then drop when the switch snaps into position. The switch
shall not be capable of being stopped between positions.

5.4.3.1.4.4 Positive indication. An indication of control activation shall
be provided (e.g., snap feel, audible click, associated or integral light).
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TABt-EX. KEYWARW

ResistarwY3Dimensiorw
Diameter

0“

Arctic
rnittensoo?!2zd

10 mm .

19 mm

73 mm

Nurrwic

19 mm

I

IN

4N

?9 mm

250 Al

15 N

250 nw
1.5N

Minimum

M8xirrwm

Preferred

Sep8r8tionDisplacement

Al@D- 0U81
Numeric numeric Function

(between djaxmt key tofsl

0.8 mm

4.8 mm

12 nnn

63 mm

0.8mm

4.8 mm

6.4 mmMinimum

M8ximum

Pr8ferrecf 6.4mm

‘* Fi*r. 11

““lriggwr finger

Dimensions
Diamtw

D“

Arctic.~**
Atpb

numeric
Dud

Function

o.= in.

0.75 in.

0s in.

Nunwsric

0.75 in. 3-5 az

14X)02

0.902 09 Oz

50302
Minimum

Maximurr

Prderred

5302

(L75in

Separation

(Inmn=n acliamt key tops)

025 in.

025 in.

Disokwwnt

I Alpb

I

Dual
Numwic numeric Functiorl

0.03 in.

0.19 in.

0.05 in.

025 in.

0:03 in.

0.19 in.

Minimum

Maximum

Preferred

.
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Minimum

Maximum

Minimum

Maximum

Desired

Minimum

Optimum

s
-i

1

-4$
—

DIMENSIONS I RESISTANCE
1

L D
Arm Length Control Tip ,

● ● * Small Large
Switch Switch

13mrn 38 mm 3 mm 2.8’ N 2.8 N
(1/2 in.) (1-1/2 h) (1/8 Im) (1002.) (lo02.)

so mm SOmm zsrnm 4.5 N 1lN
(2 in.) (2 Ird [1 lnJ (16 OZ.) (40oz. )

DISPLACEMENT 13ETWEEN POSITIONS

A

2 Position I 3 Position

S23mrad (30% 29s m?ad {17°)

1400 rnti (SOO) m m- {40° )

. . . 43s tnrad (250)

SEPARATION

s
Single Fingar

Operation Single F ingar Simultaneous Operation

t
Sequential Operation by Diffcmnt F ingars

19mm 25 mm 13mm 16mm
(3/4 h.) (1 in.) (1/2 in.) (!$/8 in.)

SOmm SOmm 2S mm 19 mm
(2 ht.) (2 in.) (1 in.) (3/4 in.)

●Use by bare finger 0“ Use with huvy handwear i LJsinga lever lock toggle switch

FIGURE 13. TOGGLE SWITCHES

96

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



IIIL-STD-1472D

5.4.3.1.4.5 Orientation. Toggle switches should be vertically oriented
with OFF in the down position. Horizontal orientation and actuation of toggle
switches shall be employed only for compatibility with the controlled function
or equipment location.

5.4.3.1.5 Legend switches.

5.4.3.1.5.1 Dimensions, resistance, displacement, and separation.
Dimensions, resistance, displacement, and separation between adjacent edges of
legend switches shall conform to the criteria in Figure 14, except that
maximum switch separation does not apply to non-matrix applications.

5.4.3.1.5.2 Barrier hei ht. Barrier height from panel surface shall
~gure 14.conform to the crlterla In Unless otherwise specified, barriers

are required on critical switches and on switches likely to be inadvertently
activated. Barriers, when used, shall not obscure visual access to controls,
labels or displays, and shall have rounded edges.

5.4.3.1.5.3 Other requirements.

a. For positive indication of switch actuation, the legend switch shall
be provided with a detent or click. When touch sensitive switches are used, a
positive indication of actuation shall be provided, e.g., an integral light
within or above the switch being actuated.

b. The legend shall be legible with or without internal illumination.

c. A lamp test or dual lamp/filament reliability shall be provided for
switches if the mean time between failure (MTBF) is less than 100,000 hrs.

d. Lamps within the legend switch shall be replaceable from the front of
the panel by hand and the legends or covers shall be keyed to prevent the
possibility of interch~nging the legend covers.

e. There shall be a maximum of three lines of lettering on the legend
plate.

5.4.3.1.6 Rocker switches.

5.4.3.1.6.1 Use. Rocker switches may be used in lieu of toggle switches
for functions w~h require two discrete positions. They may be used for
applications where toggle switch handle protrusions might snag the operator’s
sleeve or phone cord, or where there is insufficient panel space for separate
labeling of switch positions. Rocker switches with three positions shall be
used only where the use of a rotary control, legend switch control, etc., is
not feasible or when the rocker switch is of the spring-loaded center-off
type.

5.4.3.1.6.2 Accidental actuation. When the prevention of accidental
actuation is of primary importance (i.e., critical, dangerous or hazardous
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Minimum

Maximum

s, .s2 A
BARRIERS

Size DISPU4CEMENT RESISTANCE
13w 13d

I
19mm” ~ -O* 3mm Srnm ~s NO-O

[3/4 in.) (1/8In.) (1/8Ino) (3~16 i%] (looz.)

I
38mm I 6 mm
(1-1/2 {n.) (1/4 h) l:~~dl=d ‘&7N I(60Od

● lSmm (S/8 in. ) whom -itch h not doproucd boiow ttw patd.
“•5 mm (3/16 in.) for powtivopdtion zwitches.

●OOS6 N (x oz.) for use In moving vehicles. NOTE: ESwdyo r.fm to mitchmparstion,

FIGURE 14. LEGENO SWITCH
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conditions would result), channel guards or equivalent protective measures
shall be provided.

5.4.3.1,6.3 Positive indication. An indication of control actuation shall
be provided (e.g., snap feel, audible click, associated or integral light).

5.4.3.1.6.4 Dimensions, resistance, displacement and separation.
Dimensions, resistance, displacement and separation between centers of rocker
switches shall conform to the criteria in Figure 15. Resistance should
gradually increase, then drop when the switch snaps into position. The switch
shall not be capable of being stopped between positions.

5.4.3.1.6,6 orientation. Where practicable, rocker switches shall be
vertically oriented. Actuation of the upper wing shall turn the equipment or
component on, cause the quantity to increase, or cause the equipment of
component to move forward, clockwise, to the right or up. Horizontal
orientation of rocker switches shall be employed only for compatibility with
the controlled function or equipment location.

5.4.3.1.6.7 Color and illumination. Alternate colors may be used to denote
the ON and OFF portions of a rocker switch. Alternate illumination of either
the ON or OFF switch position may be used to facilitate positive recognition
of current switch position. For other color coding considerations, see
5.2.2.1.18. For areas where ambient illumination will provide display
luminance below 3.5 cd/m2 (1 Ft-L), the rocker switch should be internally
illuminated. Digits and letters shall appear as illuminated characters on an
opaque background and their dimensions should approximate the following:

a. Height: 4.8mm (3/16”)

b. Height-to-Width Ratio: 3:2

c. Height-to-Stroke-Width Ratio: 10:1

5.4.3.1.7 Slide switch controls.

5.4.3.1.7.1 Use. Slide switch controls may be used for functions which
require two dis~te positions. Slide switch controls may also be used for
functions which require a higher number of discrete positions in which the
switches are arranged in a matrix to permit easy recognition of relative
switch settings (e.g., audio settings across frequencies), but shall not be
used where mispositioning is to be avoided.

5.4.3.1.7.2 Accidental actuation. When the prevention of accidental
actuation is of primary importance (i.e., critical, dangerous, or hazardous
conditions would result), channel guards or other equivalent means shall be
provided.

5.4.3.1.7.3 Dimensions, resistance, and separation. Dimensions, resistance
and separation of slide switch handles shall conform to criteria in Figure 16.
Detents shall be provided for each control setting. Resistance should-
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STANOARD ROCKER SUITCH:
uSE M ALTERNATETWO-POSN
TOGGLE SUITCH TO PROVIDE
14BELING SURFACE, EASE OF
COLOR CODING, SWITCH
ILLUMINATION.

ALTERNATE (CONTRAST) COLOR
FOR ON VERSUS OFF TO PROVIDE

CONSPICUOUS CUE OF SWITCH
POSITION. ILLUMINATED“ON”
DESIRABLEAS SECONO FEEDBACK

CUE.

MINIIWl

MAXIllJt4

NARROW UIOTH, ESPECIALLY
DESIRABLE FOR TACTILE
DEFINITIONWITH GLOVES.

RoFF ON

s

DIMENSIONS
RESISTANCE

~ L, LENGTH -

6 m (1/4”) 131ml (1/2”) 2.8N (1OOZ.)

11 N (4002.)

r 1

SEPARATION

DISPLACEMENT (Center-to-Center)

IH, HT. OEPRESSEDI A, ANGLE I S (Bare Hand) I S (Gloved Hand)

MINIMUt4 I 3m (1/3”) I 530 mrad (W”) I 19nH’1(3/’4”) I 32 m (1-1/4”)

. #

FIGURE 15. ROCKER SWITCHES
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Detents shall be provided for each control setting. Resistance should
gradually increase, then drop when the switch snaps into position. The switch
shaH not be capable of stopping between posi:ions~

5.4.3.1.7.4 Orientation. Where practicable, slide switches shall be
vertically oriented with movement of the slide up or away from the operator
turning the equipment or component on, causing a quantity to increase, or
causing the equipment or component to move forward, clockwise, to the right or
up. Horizontal orientation or actuation slide switches shall be employed only
for compatibility with the controlled function or equipment location.

5.4.3.1.7.5 Positive indication. Slide switch controls involving more than
two positions shall be designed to provide positive indication of control
setting, preferably a pointer located on the left side of the slide handle.

5.4.3.1.8 Discrete push-pull controls.

5.4.3.1.8.1 Applications. Push-Pull controls may be used when two discrete
functions are to be selected. However such applications should be used
sparingly and for applications in which such configurations are typically
expected (e.g., vehicle headlight switch, choke, etc.). They may also be used
in certain cases where limited panel space suggests a miniaturized knob that
may be used to serve two related, but distinct functions (e~g=, an
ON-OFF/Volume switch for a T.V. monitor.) A three-position push-pull control
is acceptable in isolated instances where the criticality of inadvertent
selection of the wrong position has no serious consequences (e.g., the typical
vehicle headlight switch configuration that provides three “pu~~”
positions --OFF/Park/Headlight-plus a rotary panel light and dome light
switch).

5.4.3.1.8.2 Handle dimensions, displacement and clearances. push-pull
control handles shall conform to criteria in Table XI.

5.4.3.1.8.3 Rotation. Except for combination push-pull/rotate switch
configurations, push-pull control handles shall be keyed to a non-rotating
shaft, unless the control is to be used for a special application (e.g., the
handle is rotated to disengage the brake setting). When the control syst~
provides a combination pus6-pull/rotate functional operation, using a round
style knob, the rim of the knob shall be serrated to denote (visually and
tactually) that the knob can be rotated, and to facilitate a slip-free finger
grip.

5.4.3.1.8.4 Detents. !Iechanical detents shall be incorporated into
push-pull contr-provide tactile indication of positions.

5.4.3.1.8.5 Snagging and inadvertent contact. Use, location and operating
axis of push-pull type controls shall preclude the possibility of the
operator’s:
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DIMENSIONS RESISTANCE
i

H u SMALL LARGE
ACTUATOR HEIGHT ACTUATOR WIDTH SWITCH

● **
SWITCH

f * I
MINIMUM 6 m (1/4”)

I
13fml (1/2”) 6mn (1/8”)

1 1

2.8N(1OOL) .8N(1OOZ:

MAXIMUM .-
1

-- 25nwn (l”) .5N(160z) IN(4O OZ.)

I SINGLE FINGER
OPERATION

MINIMUM

OPTIMUM

19ml (3/4”)

5orml (2”)

SEPARATION,S

SINGLE FINGER ISIMULTANEOUS OPERATION
SEQUENTIALOPERATION BY DIFFERENT FINGERS

13nHl (7/2”) 16 m (5/8”)

25mn (l”) 19ml (3/4”)
1

●Use by bare finger.
●*Use with heavy handwear.

FIGURE 16. SLIDE SWITCHES
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a. Bumping a control while getting into or out of position (as in a
vehicle).

b. Snagging clothing, communication cables, or other equipment items on
the control.

c. Inadvertently deactuating the control setting while reaching for
another control.

5.4.3.1.8.6 Direction of control motion. Control direction shall be as
follows:

a. Pull towards the operator for ON or actuation; push away for OFF or
deactuation.

b. Clockwise for actuation or increasing function of combination
pull/rotary switches.

5.4.3.1.8.7 Resistance. Force for pulling a panel control with fingers
should be not more than 18 N (4 lb), for pulling a T-bar with four fingers
should be not more than 45 N (10 lb).

5.4.3.1.9 Printed circuit (PC) switch controls.

5.4.3.1.9.1 Use. PC switches may be used when manual programming functions
are required in~stems employing printed circuit boards.

5.4.3.1.9.2 Dimensions. resistance, displacement and separation.
Dimensions, resistance, displacement and separation between adjacent PC switch
actuators shall conform to the following:

a. Dimensions of actuators shall be sufficiently high to permit error-
free manipulation by the operator when using some commonly available stylus
(e.g., pencil or pen). The design of the actuators shall not require the use
of a special tool for manipulation.

b. Actuator resistance shall be sufficiently high to avoid inadvertent
actuation under expected use conditions. Resistance should gradually
increase, then drop when the actuator snaps into position. The actuator shall
not be capable of stopping between positions.

c. When actuators are slide-type, they shall have sufficient travel
(displacement) to pernit easy recognition of switch setting. At a minimum,
the travel should be twice the length of the actuator. When actuators are
rocker-type, the actuated wing shall be flush with the surface of the module.

d. Actuators shall have sufficient separation to permit error-free
manipulation by the operator (i.e., the stylus cannot inadvertently contact
adjacent actuators).
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5.4.3.1.9.3 Shape. The surface of the actuator shall be indented to accept
the point of the stylus. The indentation shall be sufficiently deep to avoid
slippage of the stylus during manipulation.

5.4.3.2 Continuous adjustment linear controls.

5.4.3.2.1 Levers.

5.4.3.2.1.1 Use. Levers may be used when large amounts of force or
displacement ar=nvolved or when multidimensional movements of controls are
required.

5.4.3.2.1.2 Codin
-

Ilhen several levers are grouped in proximity to each
other, the lever an es shall be coded.

5.4.3.2.1.3 Label in~. When practicable, all levers shall be labeled as to
function and direction of motion.

5.4.3.2.1.4 Limb support. When levers are used to make fine or continuous
adjustments, support shall be provided for the appropriate limb segment as
follows:

a. For large hand movements: elbow

b. For small hand movements: forearm

c. For finger movements: wrist.

5.4.3.2.1.5 Dimensions. The length of levers shall be determined by the
mechanical advantage needed. When the lever or grip handle is spherical, its
diameter shall conform to the cr~teria in Figure 17.

5.4.3.2.1.6 Resistance. The resistance incorporated in levers shall be
within the limits indicated in Figure 17, measured as linear force applied to
a point on the handle. (NOTE: The right hand can supply sllghtly more force
than the left, but the difference is not significant. The same amount of
push-pull force can be applied when the control is along the median plane of
the body as when it is directly in front of the arm, 180 mm (7 in) from the
median plane. When the control is placed in front of the opposite (unused)
arm only 75 percent as much force can be applied. When the control is 250 to
480 mm (10 to 19 in) forward of the neutral seat reference point, twice as
much push-pull force can be applied with two hands as with one-hand operation.
Outside this range two-hand operation becomes less effective.)

5.4.3.2.1.7 Displacement and separation. Control displacement (for the
seated operator] and separation shall conform to the criteria in Figure 17.

5.4.3.2.2 Displacement joysticks. (Also known as isotonic joystick s.)
Displacement joysticks usually have a spring resistance to movement away from
the center (null) position, although some have no spring. Joystick controls
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DIAMETER

Fing-r Hand
GroSV Gmsp

!3mm (1/2hJ - O-lnlm)

38nfn O-lf2h) 7S mm (3 In.)

DISPLACEMENT

A

.

I
.

360 mm 970 mm
(14 in.) (38 in.)

RESISTANCE

(d-l)

on. Hand

9N(2b) .
135 N (30 lbJ

Two Hands

9N(21b)

220 N (so lb)

(d-2)

On. Hand TWO Hands

9 N (2 lb) 9N(21b)

90 N (20 lb) 13S N (30 lb)

on. H-d
Rondam

50 mm (2 in.)

100 mm (4 in.

TWO Hands
Simultaneously

75 mm (3 in.)

125 mm (5 in.

FIGURE 17. LEVER
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may be used when the task requires precise or continuous control in two or
more related dimensions. (The term “joystick” is used here to refer primarily
to controls used for cursor placement or precise adjustment.) Uhen
positioning accuracy is more critical than positioning speed, displacement
joysticks should be selected over isometric joysticks. Displacement joysticks
may also be used for various display functions such as data pickoff from a CRT
and generation of free-drawn graphics. In rate control applications, which
allow the follower (cursor or tracking symbol) to transit beyond the edge of
the display, indicators shall be provided to aid the operator in bringing the
follower back onto the display. Displacement joysticks which are used for
rate control should be spring-loaded for return to center when the hand is
removed. Displacement joysticks which have a deadband near the center or
hysteresis shall not be used with automatic sequencing of a CRT follower
(cursor or tracking symbol) unless they are instrumented for null return or
zero-set to the instantaneous position of the stick at the time of sequencing.
Upon termination of the automatic sequencing routine, joystick center shall
again be registered to scope center. Displacement joysticks usually require
less force than isometric joysticks and are less fatiguing for long operating
periods.

5.4.3.2.2.1 Hand operated displacement joysticks

5.4.3.2.2.1.1 Specific Use. In addition to the general use, hand operated
displacement joysticks may be used as vehicle controllers and aiming sensors.
Hand operated-d~ splacernent joysticks may be used as mounting platforms for
secondary controls, such as thumb and finger operated switches. Operation of
secondary controls has less induced error on the displacement hand grip than
does isometric handgrips.

5.4.3.2.2.1.2 Dynamic characteristics. Movement shall not exceed
45 degrees from the center posltlon. Movement shall be smooth in all
directions, and positioning of a follower shall be attainable without
noticeable backlash, cross-coupling or need for multiple corrective movements.
Control ratios, friction and inertia shall meet the dual requirements of rapid
gross positioning and precise fine positioning. When used for generation of
free-drawn graphics, the refresher rate for the follower on the CRT shall be
sufficiently high to give the appearance of a continuous trackc Delay between
control movement and the confirming display response shall be minimized and
shall not exceed 0.1 second.

5.4.3.2.2.1.3 Dimensions, resistance, and clearance. The hand grip length
should be in the range of 110 - 180 mm (4 3“ - 7.1”) The grip diameter shall
not exceed 50 mm (2”). Clearances of 1009mm (4”) to”the side and 50mm (2”)
to the rear shall be provided to allow for hand movement. Joysticks shall be
mounted to provide forearm support. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.2.2 Finger operated displacement joysticks
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5.4.3.2.2.2.1 Specific use. In addition to the general uses, finger
operated displacement joysticks are useful for free-drawn graphics. In this
application, there is usually no spring return to center, and the resistance
should be sufficient to maintain the handle position when the hand is removed.

5.4.3.2.2.2.2 Dynamic characteristics. Movement shall not exceed
45 degrees from the center position. Movement shall be smooth in all
directions, and positioning of a follower shall be attainable without
noticeable backlash, cross-coupling, or need for multiple corrective
movements. Control ratios, friction and inertia shall meet the dual
requirements of rapid gross positioning and precise fine positioning.
Recessed mounting or pencil attachments may be utilized as indicated in
Figure 18, to provide greater precision of control. When used for generation
of free-drawn graphics, the refresher rate for the follower on the CRT shall
be sufficiently high to give the appearance of a continuous track. Delay
between control movement and the confirming display response shall be
minimized and shall not exceed 0.1 second.

5.4.3.2.2.2.3 Dimensions, resistance, and clearance. The joystick should
be mounted on a desk or shelf surface as shown in ~~gure 18. Joysticks shall
be mounted to provide foreatm or wrist support. Modular devices shall be
mounted to allow actuation of the joystick without slippage, movement, or
tilting of the mounting base.

5.4.3.2.2.3 Thumbtip/fingertip operated displacement joysticks.

5.4.3.2.2.3.1 Specific use. Thumbtip/fingertip operated joysticks may be

mounted on a handqrip, which serves as a steady rest to dam vibrat~ons and-i-
ncrease precision. If so mounted, the hand grip shall not simultaneously
function as a joystick controller.

5.4.3.2.2.3.2 Dynamic characteristics. Movement shall not exceed
45 degrees from the center position.

5.4.3.2.2.3.3 Dimensions, resistance, and clearance. Joysticks shall be
mounted to provide wrist or hand support. Console mounted devices shall be
mounted as shown in Figure 18. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.3 Isometric joystick (two axis controllers). (Also known as stiff
stick, force stick, or pressure stick. he control has no perceptible
movement, but its output is a function of the force applied.) Joystick
controls may be used when the task requires precise or continuous control in
two or more related dimensions. Isometric joysticks are particularly
appropriate for applications: (1) which require precise return to center
after each use; (2) in which operator feedback is primarily visual rather than
tactile feedback from the control itself; and (3) where there is minimal delay
and tight coupling between control and input and system reaction. Isometric
sticks should ordinarily not be used in applications where it would be
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necessary for the operator to maintain a constant force on the control for a
long period of time or where there is no definitive feedback when maximum

control inputs have been exceeded. Joyst~ck controis may be used when the
task requires precise or continuous control in two or more related dimensions.
When positioning speed is more critical than positioning accuracy, isonetric
joysticks should be selected over displacement joysticks. Isometric joystick
may also be used for various display functions such as data pickoff from a
CRT. In rate control ap~lications, which may allow the follower (cursor or
tracking symbol) to transit beyond the edge of the display, ~nd~cators shall
be provided in order to aid the operator in bringing the follower back onto
the display.

5.4.3.2.3.1 Hand-operated.

5.4.3.2.3.1.1 Specific Use. In addition to the general use, hand-operated
isometric joysticks may be used as vehicle controllers and aiming sensors.
Hand operated isometric joysticks may be used as mounting platforms for
secondary controls, such as thumb and finger operated switches. Operation cf
secondary controls has greater induced error on the isometric hand grip than
does displacement handgrip joysticks.

5.4.3.2.3.1.2
shall not exceed

5.4.3.2.3.1.3
should be in the
not exceed 50 mm

Dynamic characteristics. Maxmimum force for full output
118 N (26.7 lb).

Dimensions, resistance, and clearance. The hand grip length
range of 110 - 180 mm (4.3” - 7.1”). The grip diameter shall
(2”). Clearances of IOOmm (4”) to the side and 50rnm (2”)

to the rear shall be provided to allow for hand movement. Joysticks shall be
mounted to provide forearm support. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.3.2 Finger operated.

5.4.3.2.3.2.1 Specific use.

5.4.3.2.3.2.2 Dynamic characteristics.

5.4.3.2.3.2.3 Dlmenslons, resistance, and clearance. The joystick should
be mounted on a desk or shelf surtace as shown In Figure 18. Joysticks shall
be mounted to provide forearm or wrist support. Modular devices shall be
mounted to allow actuation of the joystick without slippage, movement, or
tilting of the mounting base.

5.4.3.2.3.3 Thumbtip/fincjertip operated.

5.4.3.2.3.3.1 ~cific use. Thumbtip/fingertip operated joysticks may be
mounted on a handgrip, which serves as a steady rest to damp vibrations or
increase precision. If so mounted, the hand grip shall not simultaneously
function as a joystick controller.
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Dvnamic characteristics.

Dimensions, resistance ~nd clearance. JGysticks shall be
mounted to provide wrist or hand support. Console mounted devices shall be
mounted as shown in Figure 18. Modular devices shall be mounted to allow
actuation of the joystick without slippage, movement, or tilting of the
mounting base.

5.4.3.2.4 Ball control (Also known as track ball, ball tracker, joyball
and rolling ball.)

5.4.3.2.4.1 Use. A ball control suspended on low-friction bearings may be
used for varlou=ontrol functions such as data pickoff on a display. The
ba~l control cannot provide an automatic return to point of origin, hence if
used in applications requiring automatic return to origin following an entry
or readout, the interfacing system must provide this. Because the ball can be
rotated without limit in any direction it is well suited for applications
where there may be accumulative travel in a given directi~n. In any
application which would allow the ball to drive the follower on the display
off the edge of the display, indicators shall be provided to advise the
operator how to bring the follower back onto the display. Ball controls
should be used only as position controls (I.e., a given movement of a ball
makes a proportional movement of the follower on the display).

5.4.3.2.4.2 Dynamic characteristics. The ball control shall be capable of
rotation in any dlrectlon so as to generate any combination of x and y output
values. When moved in either the x or y directions alone there shall be no
apparent cross-coupling (follower movement in the orthogonal direction).
While manipulating the control, neither backlash nor cross-coupling shall be
apparent to the operator. Control ratios and dynamic features shall meet the
dual requirement of rapid gross positioning and smooth, precise fine
positioning.

5.4.3.2.4.3 Limb support. When trackball controls are used to make precise
or continuous adjustments, wrist support or arm support or both shall be
provided. (See 5.4.3 .2.1.4.)

5.4.3.2.4.4 Dimensions, resistance and clearance. Dimensions, resistance
and clearances should conform to the crlterla In Figure 19. The smaller
diameter ball controls should be used only where space availability is very
limited and when there is no need for precision. Preferred mounting is on a
shelf or desk top (see Figure 19).

5.4.3.2.5 Grid-and-stylus devices. These provisions cover various
techniques which utilize some means of establishing an x and y grid and a
stylus for designating specific points on that grid for control purposes
(e.g., time-shared x and y potential grids and a voltage-sensitive stylus).

5.4.3.2.5.1
pickoft from a ?%+-

Grid and stylus devices may be used for data
entry of points on a display, generation of free-drawn
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graphics and similar control applications. The grid may be on a transparent
medium allowing stylus placement directly over corresponding points on the
display or it may be displaced from the display in a convenient posltlon for
stylus manipulation. In either case a follower (bug, mark, hook, etc.) shall
be presented on the display at the coordinate values selected by the stylus.
Devices of this type should be used only for zero order control functions
(i.e., displacement of the stylus from the reference position causes a
proportional displacement of the follower).

5.4.3.2.5.2 Dynamic characteristics. Movement of the stylus in any
direction on the qrid surface shall result in smooth movement of the follower
in the same direc~ion. Discrete placement of the stylus at any point on the
grid shall cause the follower to appear at the corresponding coordinates and
to remain steady in position so long as the stylus is not moved. Refresh rate
for the follower shall be sufficiently high to ensure the appearance of a
continuous track whenever the stylus is used for generation of free-drawn
graphics.

5.4.3.2.5.3 Dimensions and mounting. Transparent grids which are used as
display overlays shall conform to the size of the display. Grids which are
displaced from the display should approximate the display size and should be
mounted below the display in an orientation to preserve directional
relationships to the maximum extent (i.e., a vertical plane passing through
the north/south axis on the grid shall pass through or be parallel to the
north/south axis on the display).

5.4.3.2.6 Free-moving XY controller (blouse)

5.4.3.2.6.1 Application. This type of controller may be used on any flat
surface to generate x and y coordinate values which control the position of
the follower on the associated display. It may be used for data pickoff or
for entry of coordinate values. It should be used for zero order control only
(i.e., generation of x and y outputs by the..controller results in proportional
displacement of the follower). It should not be used for generation of
free-drawn graphics.

5.4.3.2.6.2 Dynamic characteristics. The design of the controller and
placement of the maneuvering surface shall be such as to allow the operator to
consistently orient the controller to within ~175 mrad (10°) of the correct
orientation without visual reference to the controller. (That is, for
example, when the operator grasps the controller in what seems to be the
correct orientation and moves it rectilinearly along what is assumed to be
straight up the y axis, then the direction of movement of the follower on the
CRT shall be between 6110 and 175 mrad (350° and 100). The controller shall
be easily movable in any direction without a change of hand grasp and shall
result in smooth movement of the follower in the same direction :175 mrad
(lOO). The controller shall be operable with either the left or right hand.
A complete excursion of the controller from side to side of the maneuvering
area shall move the follower from side to side on the display regardless of
scale setting or offset unless expanded movement is selected for an automatic
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sequencing mode of operation. In any application which would allow the
controller to drive the follower off the edge of the display, indicators shall
be provided to assist the operator in bringing the follower back onto the
display.

5.4.3.2.6.3 Dimensions and shape. The free-moving xy controller shall
have no sharp edges but shall be shaped roughly as a rectangular solid, with
limiting dimensions as follows.

Min. Max.

Width (spanned by thumb 40mm (1.6 in.) 70mm (2.8 in.)
to finger grasp)

Length 70mm (2.8 in.) i20 mm (4.7 in.)

Thickness 25mm (1.0 in.) 40mm (1.6 in.)

5.4.3.2.7 Light pen

5.4.3.2.7.1 Use. A simple light pen may be used as a track-oriented
readout device.~hat is, it may be positioned on the display screen to detect
the presence of a computer-generated track by sensing its refresh pattern; the
display system will then present a follower (hook) on the designed track.
ldith suitable additional circuitry, a follower can be made to track the
movement of the light pen across the surface, thus allowing it to function as
a two-axis controller capable of serving the same purposes as the grid and
stylus devices (paragraph 5.4.3.2.5.1).

5.4.3.2.7.2 Dynamic characteristics. When used as a two-axis controller,
light pen dynamic characteristics shall conform to paragraph 5.4.3.2.5.2.

5.4.3.2.7.3 Dimensions and mounting. The light pen shall be 120 - 180 mm
(4.7 - 7.1”) long with a diameter of 7 - 20mm (0.3 - 0.8”)= A convenient
clip shall be provided at the lower right side of the CRT to hold the light
pen when it is not in use.

5.4.3.2.8 Pedals.

5.4.3.2.8.1 Use. Pedal controls should be used only where the operator is
likely to have ~h hands occupied when control operation is required, control
system force is too high for manual force capability of the operator, or
standardized use of pedals has created a sterotype expectancy (e.g., vehicle
pedal control configurations such as clutch, brake, accelerator, rudder).

1. m

5.4.3.2.8.2 Location. Pedal controls shall be located so that the operator
can reach them easily without extreme stretching or torso twisting and can
reach the maximally-displaced pedals within anthropometric limits and
force-capabilities (see Figure 20). Pedals that may be held or must be
adjusted (accelerator, clutch, etc.) shall be located so the operator can
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FIGURE 20. PEDALS
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“rest” and “steady” the foot, i.e., the pedal shall be an appropriate critical

distance above the floor so the operator’s heel can rest on the floor while
articulating the ankle/foot. When this cannot be done (and the pedal angle is
more than 350 mrad (20°) from the horizontal floor), a heel rest shall be
provided.

5.4.3.2.8.3 Control return. Except for controls which generate a
continuous output, (e.g., rudder controls) pedals shall return to the original
null position without requiring assistance from the operator (e.g., brake
pedal ). For pedals in which the operator may normally rest the foot on the

control between operations, sufficient resistance shall be provided to prevent
the weight of the foot from inadvertently actuating the control (e.g.,
accelerator pedal).

5.4.3.2.8.4 Pedal travel path. The travel path shall be compatible with
the natural articulation path of the operator’s limbs (i.e., thigh, knee,
ankle) .

5.4.3.2.8.5 High force application aids. When high forces are required tG
fully actuate a pedal, appropriate aids shall be provided to assist the
operator in applying maximum force including the following where applicable:

a. Seat backrest.

b. Optimized seat height-to-pedal and normal reach distance for maximum
force, i.e., seat reference point (SRP) and pedal are at the same vertical
height and reach distance is configured so the upper thigh and lower leg
create an angle of approximately 2790 mrad (160°) (see Figure 22).

c. Double-width pedal so that both feet can be used.

5.4.3.2.8.6 Non-slip pedal surface. Pedals used for high force
applications shall be provided with a non-skid surface. Similar surfaces are
desirable for all pedals.

5.4.3.2.8.7 Dimensions, resistance, displacement and separation.
Dimensions, resistance, displacement and separation of pedals shall conform to
the criteria in Figure 20.

5.4.4 High-force controls.

5.4.4.1 Use. In general, controls requiring operator forces exceeding the
strength limits of the lowest segment of the expected user population shall
not be used. In addition, high force controls shall not be used except when
the operator’s nominal working position provides proper body support or limb
support or both, e.g., seat backrest, foot support. Sustained (i.e.,
durations longer than 3 seconds) high force requirements shall be avoided.

5.4.4.2 Arm, hand, and thumb-finger controls. Where arm, hand and
thumb-f~nger controls requiring high control forces are to be used, the

116
—

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

o1 04
?

!&2
w

p A! j
,.’

----

. . . .. -
,

---- . . ---- . i
..-

-$-

0s
o

>

,“
--- d ‘-\

o1
t

OUT

I
1

ARNl STRENGTH (N)
\

(1)
(71(6)(4I (5)(2) (3)

OUT

ILR

IN
DEGREE OF ELBOW

FLEXION
bad}

u? DOWNPULL PUSH

ILR R

76

89

116

116

89

L

58

67

89

71

76

R

89

89

98

80

89

L

40

67

76

76

67

R

62

80

107

89

89

L

58

80

93

93

80

L“”

222

187

151

142

116

R*”

231

249

187

165

107

36 62

36 67

45 67

45 71

53 76

187 222

; 33 187

116 160

98 160

98 151

7r

h
2

HAND, AND THUMB-FINGER STRENGTH (N)

(8) (91 (lo)
t

HAND GRIP
THUMB-FINGER THUMB-FINGER

L R GRIP(PALMER) GRIP (TIPSI

MOMENTARY HOLD 250 260 60 60

SUSTAINED HOLD 14s 155 35 35

‘Elbow ●ngle shown in radims.
““L= Laft; R= Ri@t

FIGURE 21. ARM, HAND, AND

(5TH PERCENTILE

THUMB-FINGER STRENGTH

IMALE DATA)

117Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

a
t OUT

i(D’”

(’-i)— 9“*
. .

, .

. :

/- ,
,

,
..

.

ARM STRENGTH {Lbj

(1) (2) (3) (4) (5) (6) (7)

DEGREEOFEL60W PULL PUSH UP DOWN IN OUT
FLEXION

(dtg) L R“ L R L R L R L R L R

180 50 52 42 50 9 14 13 17 13 20 B 14

150 42 66 30 42 16 18 18 20 15 20 8 16

120 34 42 26 36 17 24 21 26 20 22 10 15

90 32 37 22 36 17 20 21 26 16 18 10 16

60 26 24 22 34 15 20 18 20 17 20 12 17

HAND, ANO THUM8.FINGER STRENGTH (Lb)

(8) [9) (10)

HAND GRIP
THUMB-FINGER THUMB-FINGER

L R GRIP (PALMER) GRIPS (TIPS)

MOMENTARY HOLD 56 59 13 13

SUSTAINED HOLD 33 35 8 8
L

“L = LEFT; R - RIGHT

FIGURE 21. ARM, HAND, AND THUMB-FINGER STRENGTH
(5TH PERCENTILE MALE DATA) (CONCLUDED)

118
Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z

Check the source to verify that this is the current version before use.



MIL-STD-1472D

5.4.6 Touch-screen controls for displays

5.4.6.1 Use. Touch-screen control may be used to provide an overlaying
control function to a data display device such as CRTs, dot matrix/segmented
displays, electroluminescent displays, programmable indicators, or other
display devices where direct visual reference access and optimum direct
control access are desired.

5.4.6.2 Luminance transmission. Uhen used, touch-screen displays shall
have sufficient luminance transmission to allow the display with touch-screen
installed to be clearly readable in the intended environment and meet the
display luminance requirements herein.

5.4.6.3 Positive indication. A positive indication of touch-screen
actuation sfiall be provided to acknowledge the system response to the control
action.

5.4.6.4 Dimensions and separation. The dimensions and separation of
responsive areas of the touch-screen shall conform to S1, S2 and Elwof
Figure 14.

5.4.6.5 Resistance. Force required to operate force-actuated touch-screens
shall conform to the alphanumeric resistance limits of Table X.

.
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maximum force requirements shall not exceed those specified in Figure 21,
which should be corrected, where applicable, for females. (Two-thirds of each

value shown is considered to be a reasonable adjustment.)

5.4.4.3 Foot controls. Where foot controls requiring high control forces
are to be used, the force push exerted by the leg depends on the thigh angle
and the knee angle. Figure 22 specifies the mean maximum push at various knee
and thigh angles. The maximum push is at about the 160 degree angle, referred
to as the limiting angle. The values of Figure 22 apply to males only and

should be corrected for females. (Two-thirds of each value is considered to
be a reasonable adjustment.)

5.4.5 Miniature controls

5.4.5.1 Use. Miniature controls may be used only when severe space
limitations~ist. Miniature controls shall not be used when available space
is adequate for standard-sized controls or when heavy gloves or mittens will
be worn.

5.4.5.2 Dimensions, resistance, displacement and separation. When design
constraints dictate the use of mlnlature controls, the dimensions and
separation of the controls shall be the maximum permitted by the available
space up to the maxima prescribed herein for standard-sized controls.
Resistance and displacement of miniature controls should conform to the
criteria specified for the standard size of that type of control.

5.4.5.3 Other requirements. Other design considerations (e.g., labeling,
orientation) shall conform to the requirements specified for the standard size
of the control.

5.4.6 Touch-screen controls for displays

5.4.6.1 Me. Touch-screen control may be used to provide an overlaying

control fun~on to a data display device such as CRTs, dot matrix/segmented
displays, electroluminescent displays, programmable indicators, or other
display devices where direct visual reference access and optimum direct
control access are desired.

5.4.6.2 Luminance transmission. When used, touch-screen displays shall
have sufficient luminance transmission to allow the display with touch-screen
installed to be clearly readable in the intended environment and meet the
display luminance requireflents herein.

5.4.6.3 Positive indication. A positive indication of touch-screen
actuation shall be provided to acknowledge the system response to the control

action.

5.4.6.4 Dimensions and separation. The dimensions and separation of
responsive areas of the touch-screen shall conform to S1, S2 and Bw of
Figure 14.

5.4.6.5 Resistance. Force required to operate force-actuated touch-screens
shall conform to he alphanumeric resistance limits of Table X.
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5.5 Labeling

5.5.1 General

5.5.1.1 Application. Labels, legends, Placards, signs or markings, or a
combination of these shall be provided whenever it is necessary for personnel
to identify, interpret, follow procedures or avoid hazards, except where it is
obvious to the observer whist an item is and what he or she is to do with it.

5.5.1.2 Label characteristics. Label characteristics shall be consistent
with such factors as:

a. Accuracy of identification required.

b. lime available for recognition or other responses.

c. Distance at which the labels must be read.

d. Illuminant level and color.

e. Criticality of the function labeled.

f. Consistency of label design within and between systems.

5.5.1.3 Prototype and production equipment labels. Labels for both
prototype and production equjpment shall meet the criteria specified herein.
Labels for production equipment shall meet the criteria specified for the
duration of equipment use. Since frequent design changes may be anticipated
in prototype equipment, labels for such equipment shall be simply and easily
affixed, altered, and reinovedo

5.5.2 Orientation and location.

5.5.2.1 Orientation. Labels and information thereon should be oriented
horizontally so that hey may be read quickly and easily from left to right.
Vertical orientation may be used only when labels are not critical for
personnel safety or performance and where space is limited. When used,
vertical labels shall read from top to bottom.

5.5.2.2 Location. Labels shall be placed on or very near the items which
they identify, so as to eliminate confusion with other items and labels.
Labels shall be located so as not to obscure any other information needed by
the operator. Controls should not obscure labels.

5.5.2.3 Standardization. Labels shall be located in a consistent manner
throughout the equipment and system.
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5.5.3 Contents.

5.5.3.1 Equipment functions. Labels should primarily describe the
functions of equipment Items. Engineering characteristics or nomenclature may
be described as a secondary conslderatjon.

5.5.3.2 Abbreviations. Standard abbreviations shall conform to MIL-STD-12,
MIL-STD-411, or MIL-STD-783. If a new abbreviation is required, its meaning
shall be obvious to the intended reader. Capital letters shall be used.
Periods shall be omitted except when needed to preclude misinterpretation.
The same abbreviation shall be used for all tenses and for both singular and
plural forms of a word.

5.5.3.3 Irrelevant information. Trade names and other irrelevant
information shall not appear on labels or placards.

5.5.4 Qualities.

5.5.4.1 Brevity. Labels shall be as concise as possible without distorting
the intended meaning or information and shall be unambiguous. Redundancy
shall be minimized. Where the general function is obvious, only the specific
function shall be identifed (e.g., frequency as opposed to frequency factor).

5.5.4.2 Familiarity. Words shall be chosen on the basis of operator
familiarity whenever possible, provided the words express exactly what is
Intended. Brevity shall not be stressed if the results will be unfamiliar to
operating personnel. For particular users (e.g., maintenance technicians),
common technical terms may be used even though they may be unfamiliar to
nonusers. Abstract symbols (e.g., squares and Greek letters) shall be used
only when they have an accepted meaning to all intended readers. Common,
meaningful symbols (e.g., % and +) may be used as necessary.

5.5.4.3 Visibility and legibility. Labels and placards shall be designed
to be read easily and accurately at the anticipated operational reading
distances, vibration/motion environment, and illumination.

5.5.4.4 Access. Labels shall not be covered or obscured by other units in
the equlpme~embly.

5.5.4.5 Label life. Labels shall be clear and distinct, have high
contrast, be mounted so as to minimize wear or obscurement by grease, grime,
or dirt, and shall remain legible for the overhaul interval of the equipment
on which they are mounted.

5.5.4.6 Label background. Label color shall contrast with the equipment
background specified in 5.7.9. No special background for the label shall be
provided without approval by the procuring activity.
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5.5.5 Design of label characters.

5.5.5.1 Black characters. Uhere the mbient illuminance will be above
10 Iux (0.9 ft-c) , black characters shall be provided on a light background.

5.5.5.2 Dark adaptation. Where dark adaptation is required, the displayed
letters or numerals shall be visible without interfering with night vision
requirements. Where possible, markings shall be white on a dark background.

5.5.5.3 Style. Style of label characters shall conform to MIL-M-18012,
where consistent with 5.5.5.4, 5.5.5.5, 5.5.5.7, and 5.5.5.8, herein.

5.5.5.4 Capital vs lower case.

5.5.5.4.1 Labels. Labels shall be printed in all capitals; periods shall
not be used a~bbreviations.

5.5.5.4.2 Legends. Legends shall be printed in all capitals; periods or
commas shall not be used.

5.5.5.4.3 Placards. Instructional material placards may employ capitals
and lower case when the amount of material consists of several lines; however,
for short, instructional material, all-capitals are preferred. All-capital
material, consisting of larger caps for the initial letter in a paragraph,
line of instruction or procedural step, may be used.

5.5.5.4.4 $iqns. Signs shall consist of all-capitals, except when the sign
is instructional and involves several lines of extended sentences, in which
case capitals and lower case letters may be used.

5.5.5.5 Letter width. The width of letters should be 3/5 of the height,
except for mM“ and “W”, which shall be 4/5 of the height, and “I”, which shall
be one stroke wide.

5.5.5.6 Numeral width. The width of numerals shall preferably be 3/5 of
the height, except for the “4”, which shall be one stroke width wider, and the
“l” which shall be one stroke wide.

5.5.5.7 Wide characters. Where conditions indicate the use of wider
characters, as on a curved surface, or where numerals must be aligned vertically
in columns, the basic height-to-width ratio may be increased to as much as 1:1.

5.5.5.8 Stroke width normal. For black characters on a white (or light)
background, the stroke width shall be 1/6 to 1/7 of the height.

5.5.5.9 Stroke width, dark adaptation. Where dark adaptation is required
or legibility at night is a critical factor, and white characters are
specified on a black background, the stroke width of the characters shall be
from 1/7 to 1/8 of the height (i.e., narrower than specified for normal
daytime vision). The stroke width shall be the same for all letters and
numerals of equal height.
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Stroke width, transilluminated characters. For transilluminated
the stroke width shall be 1/10 of the height.

Character spacing. The minimum space between characters shall be
one stroke width.

5.5.5.12 Word spacing. The minimum space between words shall be the width
of one character.

5.5.5.13 Line spacing. The minimum space between lines shall be one-half
character height.

5.5.5.14 Label size vs luminance. The height of letters and numerals shall
be determined by the required reading distance and luminance. with a 710 mm
(28 in) vietiing-distance, the height-of numerals and letters shall be within
the range of values in Table XII for “low” and “high” control-display
luminance conditions.

5.5.5.15 Character heiqht and viewing distance. For general dial and panel
design, with the luminance normally above 3.5 cd/m2 (1 ft-L), character height
should conform to the values given below for various distances:

Viewing distance ?linimum height

a. less than 500mm (19.7 in) 2.3mm (0.09 in)

b. 0.5 - l.Om (19.7 - 39.4 in) 4.7 mm (0.18 in)

c. 1.0 - 2.0 ITI(39.4 - 78.7 in) 9.4mm (0.37 in)

d. 2.0 - 4.Om (78.7 - 157.5 in) 19mm (0.75 in)

e. 4.0 - 8.Om (157.4 - 315.5 in) 38mm (1.50 in)

5.5.6 Equipment labeling.

5.5.6.1 Units, assemblies, subassemblies and parts.

5.5.6.1.1. General requirements. Each unit, assembly, subassembly and part
shall be labeled w~th a clearly vlslble, legible, and meaningful name, number,
code, mark or symbol, as applicable.

5.5.6.1.2 Location. The gross identifying label on a unit, assembly or
major subassembly shall be located:

a. Externally in such a position that it is not obscured by adjacent
items.

b. On the flattest, most uncluttered surface available.

c. On a main chassis of the equipment.
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TABLE X!I. LABEL SIZE VERSUS Luminance
4

MARKINGS HEIGHT*

35 @m* (1 ft-1) A80VE 3.5 Cdhnz

OR BELOW [1 ft-L)

For critical nmrkings, with position
wiabie (e.g., numarak on countsrs
and settabk or moving scales): 5-8mm 3-5mm

(0.20+1.31 in.) (0.12-020in.)

For dtical rrwki~, with position
fixed (e.g., nurnarait on fixed sales,
Oontrois, and switch merichgsr or
emergency instructions): 4-8mm 2.5-5mm

(0.18-031 in=) (0010+~ in.)

For normrithal nmrkings
(e.g., identification Iahls, routina
instructions, or markings raquired

103-6mmonly for familiarization): 1.3- 5mrn
(0.05-020in.) (0.05420 in.)

A

●Vahm asaumo ● 710 mm (28 in.) vi.wing distane. For a

diatanw, D, otk then 710 mm (28 in.), mdtipiy the
●bova duos by D/710 mm (0/28 in.).
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d. In a way to minimize wear or obscurement by grease, grime, or dirt.

e. In a way to preclude accidental removal, obstruction, or handling
damage.

5.5.6.1.3 Terms. Equipment shall be labeled with ten’ns descriptive of the
test or measu=t applicable to their test points (e.g., demodulator rather
than crystal detector and power amplifier rather than bootstrap amplifier).

5.5.6.1.4 Other criteria. in addition to the criteria herein, equipment
labels and placards shall conform to MIL-STD-129, MIL-STD-130, MIL-STD-195,
MIL-STD-411, MIL-STD-783, MIL-STD-1247, and Requirement 67 of MIL-STD-454, as
applicable.

5.5.6.2.1 General requirements. Controls and displays shall be
appropriately and clearly labeled_ with the basic information needed for proper
identification, utilization, actuation, or manipulation of the element.
Integrally illuminated panels shall comply with MIL-P-7788.

5.5.6.2.2 Simplicity. Control and display labels shall convey verbal
meaning in the most direct manner, by using simple words and phrases.
Abbreviations may be used when they are familiar to operators (e.g., psi, km).

5.5.6.2.3 Functional labeling. Each control and display shall be labeled
according to function, and the following criteria shall apply:

a. Similar names for different controls and displays shall be avoided.

b. Instruments shall be labeled in terns of what is being measured or
controlled, taking into account the user and purpose.

c. Control labeling shall indicate the functional result of control
movement (e.g., increase, ON, OFF) and may include calibration data where
applicable. Such information shall be visible during nomnal operation of the
control.

d. When controls and displays must be used together (in certain
adjustment tasks), appropriate labels shall indicate their functional
relationship. The selection and use of terminology shall be consistent.

5.5.6.2.4 Location. The following criteria shall apply to the location of
control and d~abels.

a. Ease of control operation shall be given priority over visibility of
control position labels.

b. Labels should normally be placed above the controls and displays they
describe. When the panel is above eye level, labels may be located below if
label visibility will be enhanced thereby.
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C. The units of measurement (e.g., volts, psi, meters) shall be labeled

on the panel.

d. Labels shall be used to identify functionally grouped controls and
displays. The labels shall be located above the functional groups they

identify. When a line is used to enclose a functional group and define its
boundaries, the label shall be centered at the top of the group either in a
break in the line or just below the line. When colored pads are used, the
label shall be centered at the top within the pad afea.

e. Label location throughout a system and within panel groupings shall be

uniform.

5.5.6.2.5 Size graduation. To reduce confusion and operator search time,
labels shall be graduated in size. The characters in group labels shall be
larger than those used to identify individual controls and displays. The
characters identifying controls and displays shall be larger than the
characters identifying contro! positions with the smallest characters
determined by viewing conditions, the dimensions of each character shall be at
least approximately 25 percent larger than those of the next smaller label.
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5.6 Anthropometry.

5.6.1 General. Design and sizing snail insure accommodation,
compatibility, operability, and maintainability by the user population.
Generally, design limits shall be based upon a range from the 5th percentile
female to the 95th percentile nale values for critical body dimensions, as
appropriate, except for Naval aviator special populations (see 5.6.4). For any
body dimension, the 5th percentile value indicates that five percent of the
population will be equal to or smaller than that value, and 95 percent will be
larger; conversely, the 95th percentile values indicates that 95 percent of
the population will be equal to or smaller than that value and five percent
wI1l be larger. Therefore, use of a design range from the 5th to 95th
percentile values will theoretically provide coverage for 90 percent of the
user population for that dimension. where two or more dimensions are used
simultaneously as design parameters, appropriate multivariate data and
techniques should be utilized. (See Appendix for representative references.)
The limited anthropometric data presented in this section in Figures 23
through 28 and Tables XIII through XVIII are intended to provide general
design guidance. DOD-tlDBK-743 should be consulted for more extensive data.
Use of these data shall take the following into consideration:

a. The nature, frequency, safety, and difficulty of the related tasks to
be performed by the operator or wearer of the equipment.

b. The position of the body during performance of these tasks.

c. Mobility or flexibility requirements imposed by these tasks.

d. Increments in the design-critical dimensions imposed by the need to
compensate for obstacles, projections, etc.

e. Increments in the design-critical dimensions imposed by protective
clothing or equipment, packages, lines, padding, etc.

5.6.2 Anthropometric data. The anthropometric data presented in Tables
XIII through XVIII are nude body measurements; data in centimeters are given
in the upper half of each table, and data in inches are shown in the lower
half of each table. (Note: The anthropometric data shown in these tables
have been compfled and collated from several sources. The data on Ground
Troops consist of measurements on a series of 6682 U.S. Army men and a series
of 2008 U.S. Marines, both measured in 1966, as well as of 287 U.S. Army men
measured in 1977. The data on Aviators represent 1482 U.S. Army aviation
personnel, measured in 1970; 1549 U.S. Navy pilots, measured in 1964; and
2420 U.S. Air Force flying personnel, measured in 1967. The data on military
women consist of measurements of 1300 U.S. Army WAC personnel and Army nurses,
measured in 1977; and 1905 U.S. Air Force WAF personnel and Air Force nurses,
measured in 1968.) Blanks in the tables indicate that data are not available
for those dimensions. Technical reports (see appendix) should be consulted
for definitions of specified measurements, methods of data collection and
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●SAME AS 12; HOWEVER,
RIGHT SHOULDER IS EXTENDED
~ FAR FORWARD AS POSSIBLE
WHILE KEEPING THE BACK OF
THE LEFT SHOULDER FIRMLY
AGAINST THE BACK WALL.
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FIGURE 23. STANDING BODY DIMENSIONS
.-
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8.

TABLE XIII. STANDING BODY DlfWEfWIONS

WEIGHT (kg)

~ANDING BODY DIMENSIONS
1 WATURE
2 EYE HEIGHT (STANDING)
3 SHOULDER (ACROMIALE)

HEIGHT
4 CHEST {NIPPLE) HEIGHT*
5 ELBOW (RADIALE) HEJGHT
6 FINGERTIP (DACTYLION)

HEIGHT
7 WAIST HEIGHT
8 CROTCH HEIGHT
9 GLUTEAL FURROW HEIGHT

10 KNEECAP HEIGHT
11 CALF HEIGHT
12 FUNCTIONAL REACH
13 FUNCTIONAL REACH,

EHENDED

WEIGHT (lb)

STANDING BODY DIMENSIONS
1 =ANRE
2 EYE HEIGHT BTANDING)
3 SHOULDER (ACROMIALE)

HEIGHT
4 CHEST (NIPPLE) HEIGHT *
5 ELBOW (RADIALE) HEIGHT
6 F! NGERTIP (DACTYLION)

HEIGHT
7 WAIST HEIGHT
8 CROTCH HEIGHT
9 GLUTEAL FURROW HEIGHT

10 KNEECAP HEIGHT
11 CALF HEIGHT
12 FUNCTIONAL REACH
13 FUNCTIONAL REACH,

EXTENDED
.-. .—— --- -—.-———..————--—.. —-.

PERCENTILE VALUES IN CENTIMETERS

5th PERCENTI I& 95th PERCENTILE

;ROUND
TRom AVIATORS WoNIERl

GROUND
TROOPS AVIATORS W~EN

6505

16208
151.1

133.6
117.9
101.0

98.6
76.3
73.3
47.5
31.1
72.6

60.4

164.2
152.1

133.3
120.8
104.8

61.6
97.6
74.7
74.6
45.8
XL9
73.1

82.3

46.4

152.4
1409

123.0
1093

94.9

93.1
68.1

%
28.0
64.0

735

91.6

18&6
173.3

154.2
138.5
117s

115.2
97.8
87.7
58.6
4#.6
90,9

101.2

86.0

187.7
175.2

154.8
138.5
120.0

732
115.1

920
88.1
57.8
39.3
87.0

87.3

74.s

174.1
1622

143.7
1273
110.7

110.3
83.9
81.0
523
36.6
80.4

82.7

1 PERCENTJ~ VALUES IN INCHES

122.4

64.1
69.5

526
46.4
3806

38.0
30.0
28.8
18.7
122
28.6

332

13al

64.6
59.9

525
47.5
41.3

24.2
38.4
28.4
28.4
1&4
122
28.8

324

1023

60.0
555

4a4
43.0
37.4

36.6
26=8
262
172
11.4
252

28s

201.9

73.1
6&2

60.7
53.7
46A

46.3

E;
23.1
16.0
35.8

36JJ

211.6

733
68.0

60.9
54.5
47.2

z.:
36.2
34.7
22.8
15*5
34.3

3&3

164.3

883
639

z::
3109
20.7
14.4
31.7

‘BIJSTPOllUT HEIGHT FOR WOMEN

—— ..----- .._. ---— ------ ..-. —.— —-—
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TABLE XIV. SEATED BODY DIMENSIONS

SEATED BOOV DIMENSIONS

14

Is
16
17

18

19
20

21
22
23
24
26
28
27
28
29

so
31

VERTICAL ARM REACH,
81mNG
SITTING HEIGHT, ERECT
Slmffi HEIGHT, RELAXED
EYE HEIGHT, SITTING
ERECT
EYE HEIGHT, SllTING
RELAXED
MID-SHOULDER HEIGHT
SHOULDCR HEIGHT,
&77’iNG
SHOULDER-EL- LENGTH
ELBOW-GRtP LENGTH
EL--FINGERTIP LENGTH
ELBOW REST HEIGHT
THIGH CLEARANCE HEIGHT
KN&E HEIGHT, SIITING
POFLITEAL HEIGHT
BU?TOCK-KNEE LENGTH
BUTTOCK-POPLITEAL
LENGTH
BUTTOCK-HEEL LENGTH
FUNCllONJ:L LEG LENGTH

PERCENTILE VAL1

Eth Percentile

GROUND

I ITROOPS AVIATORS WOMEN

128.6

835
83.5
72.0

70.0

56.6
64b2

333
31.7
43a
17.5

46.7
38.7
64.9
46s

110.6

134.0

86.7
83.6
73.8

71.0

58.3
54.6

332
32.6
U.7
10.7
12.4
48.9
36.4
56.9
44.9

4a7
103.9

117.4

79.0
77.5
67,7

662

53.7
49.9

303
29.6
40.0
16.1
10.4
46.9
=.0
53.1
43.4

68.6

IS IN CENTIMETERS

M PERCENTILE

147.8
I

153.2
I

139.4

86.9 96.6
94.8 96.s
84.6 86.1

90.0
89.7
79,1

82.5 I 84.0 I 77$”

67.7 I 693
66.4 =.9,

40.2
38.3
52.0
26.0

602
60.0
86.8
54.6

38.7
37.9
51.7
29.5
18.8
59.9
47.7
65.5
64.6

62.S
60.3

360
38.4
47.5
26.9
17,5
655
45.7
632
62.6

I 66.4
127.7 120.4 I 118.8

PERCENTILE VALUES IN INCHES

SEATED BOOY DMENWONS
r

14 VERTICAL ARM REACH, 60.6 52.8 582 60.3 54.9
SJT7tNG

1S Sll17NG HEIGHT, ERECT 32=6 33.7 m .1 =2 ad
16 SiTTtNG IIE{GHT, REWED =.9 =.9 305 37.3 35.3
17 EYE HEIGHT, SlmNG 28.3 30.0 26.6 333 z:: 312

ERECT
18 EYE HEIGHT. SITllNQ 27.6 -= - 26:! 32.5 33.1 30,7

REIAXEO ‘- ‘- “ -
----

19 MID-SHOULDER HEIGHT 22.3 23.0 21 z 28.7 27.3 24.6
20 SHOULDER HEIGHT, 2103 213 19.6 25.7 25.9 2X7

SITTING
21 SHOULDER-ELBOW LENGTH 13.1 13.1 12.1 15B 16.6 14.4
22 EL~-GRtP LENGTH 12.5 12B 11.6 15.1 149 14.0

23 EL6_-FINGERTIP LENGTH 173 17.6 1s.7 20s 20.4 18.7

24 EL- REST HEIGHT 6.9 7.4 a.4 11.0 11.6 10.6

= THIGH CLEARANCE HEIGHT 4.9 4.1 7.4 6.9

26 KNEE HEIGHT, SITllNG 19.6 lflu 183 23.7 23.6 21.8

27 POPLITEAL HEIGHT 1S.6 16.1 16.0 19.7 10.8 18.0

28 B~OCK-KNEE LENGTH 21.6 22.0 20.9 25.9 25.8 24.9

28 BU17=K-PQPLITEAL 17s 17.7 17.1 21.6 m .5 20.7
LENGTH

* BUTTOCK-HEEL LENGTH 18.4 222
31 FUNCTIONAL LEG LENGTH 43.5 40.9 382 50.3 ‘4%4--- 46.7

...-. . .. ._ -— . ..— . . . ..— --—
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FIGURE 25. DiEPTH-AN’D BREADTH- blMENSIONS.
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TABLE XV. DEPTI=I AND BREADTH DIMENSIONS

DEPTH AND BREADTH
DIMENSIONS

32
33

34
35
36

37

38

39

CHEST DEPTH”
BUI”K)CK DEPTH
CHEST BREADTH
HIP BREADTH, STANDING
SHOULDER (BJDELTOID)
BREADTH
FOREARM-FOREARM
BREADTH
HIP BREADTH, SIITING
KNEE-TO-KNEE BREADTH

DEPTH AND BREADTH
DIMENSIONS

32 CHESTDEPTH”
33 BUTTOCK DEPTH
34 CHEST BREADTH
s HIP BREADTH, STANDING
36 SHOULDER (BIDELTOID)

BREADTH
37 FOREARM-FOREARM

BREADTH
36 HIP BREADTH, SITTING
36 KNEE-TO-?CNEE BREADTH

PERCENTILE VALUI

5th PERCENTILE

GROUND
TROOPS

18.9

27.3
302
41.5

38.8

30.7

7.5

10.8
119
16.3

15.7

12.1

AVIATORS

20.4
20.7
29.5
31.7
432

43.2

33.3
19.1

WOMEN

19.6
18.4
25.1
31s
382

33.0

33.0

3 IN CENTIMETERS

95th PERCENTILE

GROUND
TROOPS

26.7

34.4
36.7
49.8

53.6

38.4

4VIATORS

27.8
27A
38.5
38,8
52.6

60.7

42.4
255

PERCENTILE VALUES IN INCHES

8.0
802

11.6
12.5
17.0

17.0

13.1
7.5

7.7
72
%9

12.4
15.0

13.0

13.0

10.5

13.5
14.5
19.6

2’I .1

15.1

11.0
10.8
15.1
15.3

20.7

.23.9

16.7

10.0

WOMEN

27.2
24.3
31.4
39.5
45.8

44.9

43.9

10.7
9.6

12.4
15.6
18.0

17.7

77.3

“BUST DEPTH FOR WOMEN
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c. The units of measurement (e.g., volts, psi, meters) shall be labeled
on the panel.

d. Labels shall be used to identify functionally grouped controls and
displays. The labels shall be located above the functional groups they
identify. When a line is used to enclose a functional group and define its
boundaries, the label shall be centered at the top of the group either in a
break in the line or just below the line. When colored pads are used, the
label shall be centered at the top within the pad area.

e. Label location throughout a system and within panel groupings shall be
uniform.

5.5.6.2.5 Size graduation. To reduce confusion and operator search time,
labels shall be graduated in size. The characters in group labels shall be
larger than those used to identify individual controls and displays. The
characters identifying controls and displays shall be larger than the
characters identifying control positions. With the smallest characters
determined by viewing conditions, the dimensions of each character shall be at
least approximately 25 percent larger than those of the next smaller label.
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5.6 Anthropometry.

5.6.1 General. t)esign and sizing shall irtsure accommodation,
compatibility, operability, and maintainability by the user population.
Generally, design limits shall be based upon a range from the 5th percentile
female to the 95th percentile male values for critical body dimensions, as
appropriate, except for Naval aviator special populations (see 5.5.4). For any
body dimension, the 5th percentile value indicates that five percent of the
population will be equal to or smaller than that value, and 95 percent will be
larger; conversely, the 95th percentile values indicates that 95 percent of
the population will be equal to or smaller than that value and five percent
will be larger. Therefore, use of a design range from the 5th to 95th
percentile values will theoretically provide coverage for 90 percent of the
user population for that dimension. Where two or more dimensions are used
simultaneously as design parameters, appropriate multlvarflate data and

techniques should be utilized. (See Appendix for representative references.)
The limited anthropometrlc data presented in this section in Figures 23

through 28 and Tables XIII through XVIII are intended to provide general
design guidance. DOD-HDBK-743 should be consulted for more extensive data.
Use of these data shall take the following into consideration:

a. The nature, frequency, safety, and difficulty of the related tasks to
be performed by the operator or wearer of the equipment.

b. The position of the body during performance of these tasks.

c. Mobility or flexibility requirements imposed by these tasks.

d. Increments in the design-critical dimensions imposed by the need to
compensate for obstacles, projections, etco

e. Increments in the design-critical dimensions imposed by protective
clothing or equipment, packages, lines, padding, etc.

5.6.2 Anthropometric data. The anthropometric data presented in Tables
XIII through XVIII are nude body measurements; data in centimeters are given
in the upper half of each table, and data In inches are shown in the lower
half of each table. ( Note: The anthropometric data shown in these tables
have been compiled and collated from several sources. The data on Ground
Troops consist of measurements on a series of 6682 U.S. Amy men and a series
of 2008 U.S. Marines, both measured in 1966, as well as of 287 U.S. Army men
measured in 1977. The data on Aviators represent 1482 U.S. Army aviation
personnel, measured in 1970; 1549 U.S. Navy pilots, measured In 1964; and
2420 U.S. Air Force flying personnel, measured in 1967. The data on military
women consist of measurements of 1300 U.S. Army WAC personnel and Army nurses,
measured in 1977; and 1905 U.S. Air Force WAF personnel and Air Force nurses,
measured in 1968.) Blanks in the tables indicate that data are not available
for those dimensions. Technical reports (see appendix) should be consulted
for definitions of specified measurements, methods of data collection and
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●SAME AS 12; HOWEVER,
RIGHT SHOULDER IS EXTENDED
+ FAR FORWARD AS POSSIBLE
WHILE KEEPING THE BACK OF
THE LEFT SHOULDER FIRMLY
AGAINST THE BACK WALL.
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FIGURE 23. STANDING BODY DIMENSIONS
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TABLE XIII. STANDING BODY DIMENSIONS

PERCEN17 LE VALUES IN CENTIMETERS
1

5th PERCENTILE 85th PERCENn LE

GROUND
TROOPS AVIATORS W~EN

GROUND
TROOPS AVIATORS w~EN

WEIGHT (kg) 5605 60.4 46.4 91.6 96.0 74.5

~ANDING BODY DIMENSIONS
1 STATURE 16Z6 lM.2 1524 1856 187.7 174.1
z EYE HEiGHT (STANDINGI 151.1 1521 1404! 173.3 175.2 162.2
3 SHOULDER (ACROMIALE)

HEIGHT 133.6 133.3 123.0 154.2 154.8 143.7
4 CHEST (NIPPLE) HEIGHT* 117.9 120.8 1093 136.5 138.5 127B
5 ELBOW (RAOIALE) HEIGHT 101.0 104.8 94.9 117.8 120.0 110.7
6 FINGERTIP (DACTYLION)

HEIGHT 61.6 73.2
7 WAIST HEIGHT 88.6 97.6 93.1 115.2 115.1 110.3
8 CROTCH HEIGHT 76.3 74.7 68.1 91.8 920 83.9
9 GLUTEAL FURROW HEIGHT 73.3 74.6 87.7 88.1 81.0

10 KNEECAP HEIGHT 47.5 46.8 :: 58.6 57.8 52.5
11 CALF HEIGHT 31.1 WI.9 29.0 40.6 39.3 36.6
12 FUNCTIONAL REACH 72.8 73* I 64.0 90.9 87.0 80.4
13 FUN(XIONAL REACH,

EXENDED 842 82.3 735 101.2 97.3 92.7
!

PERCENTILE VALUES IN INCHES

WEIGHT (lb) 122.4 Ial 1023 201.9 211.6 164.3

STANDING BODY DIMENSIONS
1 =ATURE 64.1 64.6 60.0 73*1 73s 68.5
2 EYE HEIGHT (STANDING) 59,5 59.9 555 6802 68.0 639
3 SHOULDER (ACROMIALE)

HEIGHT 52.6 52.5 48.4 60.7 60.9 56.6
4 CHEST (NIPPLE) HEIGHT * 48.4 47.5 43fi 53.7
5 ELBOW (RADIALE) HEIGHT 38a 41.3 37A 4694 % E::

8 F!NGERWP (DACTYLION)
HEIGHT 24.2 28.8

7 WAIST HEIGHT 38.0 38.4 36.6 45*3 45.3
8 CROTCH HEIGHT 30.0 28.8 36.2 :::
9 GLUTEAL FURROW HEIGHT 28.8 E.: 26-2 ai 34.7 31.9

10 KNEECAP HEIGHT J&7 18.4 172 23.1 22.8 20.7
11 CALF HEIGHT 12-2 71.4 16.0 15.5 14.4
12 FUN~lONAL REACH Xi&ii 28.8 252 36.8 34*3 31.7
13 FUNalONAL REACH,

EXTENDED 332 324 2898 3a3a 38.3 365

“BUSTPOINT HEIGHT FOR WOMEN
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1?1----

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

1s 171920a

/
27

.

FIG-4. S~TED BODY DIMENSIONS
.-. ...-. . .—. - .—-.—---- —-. . . .

132

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

—. —.

TABLE XIV. SEATED BODY Dimensions-
—

PERCENTILE VALUES IN CENTIMETERS

W PERCENTILE I 9WI PERCENTILE

W?OUNO GROUND
TROOPS AVIATORS WOMEN TROOPS AVIATORS WOMEN

SEATED BOOY 01MEN810NS

14 VERTICAL ARM REACH, 128.6 134.0 117.4 147.8 153.2 1s.4
s{mffi

15 SlmNG14ElGHT, ERECT 83s 85.7 79.0 86.9 -.6 80.9
16 SllllNG HEIGHT, RELAXED

EYE HEIGHT, Sl~lNG
81.5 83.6 77.5 84.8 96.5 89.7

17 72.0 73.6 67,7 8.4.0 86.1 79.1
ERECT

18 EYE HEIGHT, SllTING 70.0 71.6 682 82.6 84.0 77.9’
RELAXED

19 MJO+HOULDEB HEIGHT 56.6 68.3 S3.7 67.7 682 62.5
20 SHOULDER HEIGHT, 542 64.6 48.9 85.4 =.8 60.3

8tn’lNG
21 SHOULDER-EL- LENGTH 33.3 332 303 40.2 38.7 36.6
22 ELBW-GRW LENGTH 31.7 32.6 28.6 383 379 36.4
23 EL~-FINGERTIP LENGTH 43s U.7 40.0 52.0 51.7 47.5
24 ELBOW REST HEIGHT 17.5 18.7 16.1 28.0 28.s 26.9
25 THM3H CLEARANCE HEIGHT 12.4 10.4 18S 17.5
26 KM&E HEIGHT, SITTING 49.7 48.9 48.9 602 58.9 563
27 POPLITEAL HEIGHT 38.7 36.4 S.O 60.9 47.7 45.7
26 8UTtWCtC-KNEE LENGTH 64.9 55.9 53.1 S&8 65.5 632
29 BUHOCK-POPLITEAL 45,8 U.9 43.4 m.s 64.6 62.6

LENGTH
80 WTTOCK-HEEL LENGTH 4897 66.4
31 FUNCTION/:L LEG LENGTH 110.6 103.9 88.6 127.7 120.4 118.8

h

Percentile VALUES IN INCHES
I

SEATED BOOY OtMENSIONS !

14 VEFiTtCAL ARM REACH, 60.6 62.8 5s2 60.3 54.9
81TWJG

1s SlmNG HEIGHT, ERECT 32s 3a7 31.1 382 38.8
16 SlmNG HEIGHT, REMED =.1 32.9 30.5 37.3 =.0 3s.3
17 EYE HEIGHT, SlmNG 28.3 30.0 26.6 Z&3 33.9 312

EREcT
la EYE HEIGHT, SIITING -q.11 .=? . 26,! 32.5 33.1 30.7— --

REM)(EO ‘-
19 MID-SHWLDER HEIGHT =3 23.0 21 i 20.7 27.3 24.6
20 SHOULDER HEIGHT, 213 21.5 79.6 25.7 25.9 23.7

slrrlffi
21 SHOULDER-ELBCM LENGTH 13.1 131 12.1 15a 16.6 14.4
22 ELE~-GRIP LENGTH 12.5 12a 11.6 16.1 149 14.0

23 EL--FINGERTIP LENGTH 17.3 17.6 1s.7 as 20.4 18.7

24 EL- REST tlEl~HT as 7.4 6*4 11.0 11.6 10.6

~ THIGH CLEARANCE HEIGHT 4.9 4.1 7.4 6.9

26 KNEE HEIGHT, SllTING 19.6 103 18.5 23.7 23.6 21a

27 P(WLITEAL HEIGHT 1s.6 16.1 16.0 19.7 18.8 18.0

28 B~OCK-KNEE LENGTH 21.6 22.0 20.9 26.9 25.8 24.9

28 0U17~K-POPLITEAL 173 17.7 17.1 Zls 21.5 20.7
LENGTH

30 6UlTOCK-HEEL LENGTH 10.4
31 FUNCTIONAL LEG LENGTH 43.5 40.9 392 50.3 ‘=%-- 46.7

*

.. . . ___ . . . .—. .— --.--— ---—
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FIGUliE 25. DEPTH–AN’D BREADTH-dimensions.
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TABLE XV. DEPTH AND BREADTH DIMENSIONS

DEPTH ANDBREADTI+

DIMENSIONS

32 CHEST DEPTH”
33 BUTTOCK DEPTH
34 CHEST BREADTH
35 HIPBREADTH,STANDING
36 SHOULDER (BJDELTOID)

BREADTH
37 FOREARM-FOREARM

BREADTH
38 HIP BREADTH,SllTING
39 KNEE-TO-KNEE BREADTH

DEPTHANDBREADTH
DIMENSIONS

32 CHESTDEPTHO
33 BUTTOCK DEPTH
34 CHEST BREADTH
s HIPBREADTH,STANDING
36 SHOULDER (BIDELTOIDJ

BREADTH
37 FOREARM-FOREARM

BREADTH
38 WPBREADTH,SITTING
38 KhJEE-TO-KhJEE BREADTH

PERCENTILE VALUES INCENTIMETERS

5th Percentile

GROUND
TROOPS

18.9

27.3
302
4195

3808

30.7

75

10-8
139
162

15.7

12.1

AVIATORS

20.4
20.7
29.5
31.7
432

43.2

33.3
19.1

WOMEN

19.6
18.4
25.1
31.5
382

33.0

33.0

95thPERCENTlLE

GROUND
TROOPS

26.7

34.4
36.7
49.8

53.6

36.4

AVIATORS

27.8
27.4
38.5
38s
52.6

60.7

42.4
25.5

PERCENTILE VALUES ININCHES

8.0
82

11.6
12.5
17.0

17.0

13.1
7.5

7.7
72
93

12.4
16.0

13.0

13.0

10.5

13.5
14.5
19.6

21.1

15.1

11.0

10J
15.1
153
20.7

.23.9

16.7
10.0

WOMEN

27.2
24.3
31.4
39.5
45.8

44.9

43.9

10.7
9.6

12.4
15.6
18.0

17.7

17.3

“BUSTDEPTI=IFOR WOMEN
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FIGURE 26. CtRCUMFiRENCES AND SURFACE-DIMENSIONS
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TABLE XVI. CIRCUMFERENCES AND SURFACE DIMENSIONS
.

PERCENTILE VALUES IN CENTIMETERS

5th Percentile 95th PERCENTILE
i
GROUND- GROUND
TROOPS AVIATORS WOMEhJ TROOPS AVIATORS WOMEN

r
CIRCUMFERENCES

40 NECl( CIRCUMFERENCE 34.2 34.6 29.9 41.0 41.6 36.7
41 CHEST CIRCUMFERENCE* 83.8 87.5 78.4 105.9 108.9 1002
42 WAIST CIRCUMFERENCE 68.4 73.5 58.5 95.9 101.7 83.6
43 HIPCIRCUMFERENCE 8s.1 87.1 86.5 106.9 108.4 106.1
u HIPCIRCUMFERENCE, 97.0 87.7 119.3 110.8

SITTING
46 VERTICAL TRUNK CIRCLJM- 150.6 156.3 1422 178.6 181.9 1663

FERENCE,STANDING
46 VERTICALTRWNKCI=UM- 160.4 134.8 175.0 161.0

FERENCE,SlmNG
47 ARM SCYECIRCUMFERENCE 38.6 39.9 33.6 50.3 63.0 41.7
48 BtCEPSCIRCUMFERENCE, 27.0 27.8 23.2 37.0 38.9 30.8

FLEXED
48 ELBOW CIRCUMFERENCE, 20.5 23.s 34.2 30.0

FLEXED
60 FOREARM CIRCUMFERENCE, 26.1 26.3 222 33.1 33.1 27.5

FLEXED
51 WRIST CIRCUMFERENCE 15.7 15.3 13.6 18.6 192 16.2
52 UPPERTHIGt+CIRCUM- 46.1 40.6 46.7 63.9 66.9 64.5

FERENCE
63 CALF CIRCUMFERENCE 31.6 33.3 30.6 412 41.3 38.2
54 ANKLE CIRCUMFERENCE 19.3 20.0 18.7 252 24.8 23.3
55 WAISTBACK LENGTH 382 42.4 38.7 60.8 60.9 46.4
58 WAfSTFRONTLEfUQTH 36.1 36.7 30.6 462 442 41.4

A

PERCENTILE VALUES IN INCHES
CIRCUMFERENCES

,
T

40 NECK CIRCUMFERENCE 13.5 13.6 11.0 16.1 16.4 14.4
41 CHEST CIRCUMFERENCE’ 33.0 34.4 30.8 41.7 43.3 38.5
42 WAIST CiRUJMFERENCE 203 28.9 23.4 37.8 40.0 32.9
43 HIPCIRCUMFERENCE 33.5 %.3 33.7 42.1 42.7 41.8
44 HOPCIRCUMFERENCE, 36.2 w5 47.0 43.6

SITTING
45 VERTICALTRUNK CIRCUM- 59.3 61.6 56.0 70.3 71.6 66.5

FERENCE,STANOtfUG
46 VERTICALTRUNK CIRCUM- 592 53.1 68.9 . 63.4

FEREtUCE,SllTING
47 ARM SCYECIRCUMFERENCE 15.6 15.7 132 19.8 20.9 16.4
48 WCEPSCIRCUMFERENCE, 10.6 11.0 9.1 14.6 14.5 12.1

FLEXED
46 ELBOWCIRCUMFERENCE, 112 92 13.5 11.8

FLEXED
50 FOREARM CIRCUMFERENCE, 10.3 10.4 8.7 13.0 13.0 10.8

FLEXED
51 WRIST CIRCUMFERENCE 62 6.0 5.4 7.3 7.6 6.4
62 UPPERTHIGHCIRCUM” 18.8 19.5 192 25.1 20.3 25.4

FERENCE
53 CALFCMMXJMFERENCE 12.4 13.1 12.0 16.2 16.3 15.4
64 ANKLE CIRCUMFERENCE 7.6 7.9 7.4 9.9 9.7 9.2
SE WAISTBACK LENGTH 16.4 16.7 14.4 20.0 20.0 17.9
56 WAISTFRONTLENGTH 142 14.1 12.0 1892 17.4 16.3

“BUSTCIRCUMFERENCE FOR WOMEN
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TABLE XVII. HAND AND FOOT Dimensions

HAND DIMENSIONS

57 HAND LENGTH
56 PALM LENGTH
S9 HAND BREADTH
60 HAND CIRCUMFERENCE
61 HAND THICKNESS

FOOT DIMENSIONS

62 FOOT LENGTH
63 INSTEP LENGTH
64 FOOT BREADTH
65 FOOT Cl RCUMFERENCE
66 HEEL-ANKLE

CIRCUMFERENCE

HAND DiMENSM3NS

57 HAND LENGTH
58 PALM LENGTH
56 HAND BREADTH
60 HAND CIRCUMFERENCE
61 HAND THICKNESS

FOOT DIMENSIONS

62 FOOT LENGTH
63 INSTEP LENGTH
64 FOOT BREADTH
65 FOOT CIRCUMFERENCE
66 HEEL-ANGLE

CfRCUMFEREIUCE

PERCENTILE VALUES IN CENTIMETERS—

5th PERCENTILE

SROUND
TROOPS

17.4
96
8.1

19.5

24.5
17.7

9.0
2205

31.3

6s6
3.77
320
7.68

9.66
6.87
3s3
8-86

12.32

AVIATORS

17.7
10.0

892
19.6

2.4

24.4
17s

9.0
22.6

30.7

6.98
3.92
322
7.71
096

9.62
6088
3954
8.91

12.08

WOMEN

16.1
9.0
6.9

16.8

222
16.3

8.0
20.8

28.5

96th PERCENTILE

GROUND
TROOPS

20.7
11.7

9.7
23.6

29.0
21.7
10.9
27.4

37.0

AVIATORS

20.7
11.9

9.7
23.1

3.5

29.0
n .4
11.6
27.0

36.3

PERCENT1 LE VALUES IN INCHES

6.32
3.56
Z72
6.62

8.74
6.41
3.16
8.17

11.21

.

— ---- -- —. —.-.—---— -.

8.13
4.61
3.83
928

11.41
0.64
429

10.79

14.57

WOMEN

20.0
10.8

805
19.9

26.5
19.6

93
24.5

33.3

8.14
4.69
3.80
9.11
137

11.42
8.42
4.58

10.62

14.30

7.89
424
3.33
7.82

10.42
7.70
3.84
9.65

13.11
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TABLE XVI{I. HEAD AND FACE DIMENS1ONS

HEAD AND FACE DIMENSIONS

67 HEAD CIRCUMFERENCE
68 BITRAGION-CORONAL

CURVATURE
69 BITRAGION-MENTON

CURVATURE
70 BITRAGION-

SUBMANDIBIJLAR
CURVATURE

71 HEAD LENGTH
72 PRONASALE TO WALL
73 TRAG)ON TO WALL
74 HEAD DtAGONAlm

(MENTON~CCIPUT)
76 HEAD BREADTH
76 BITRAGfOfU BREADTH
77 BJAURICUIJ4R BREADTH
78 HEAD HEiGHT (TRAG.oTOP

OF HEAD)
78 GLABELLA TO TOP

OF HEAD
80 PRONASALE TO TOP

OF HEAD
81 FACE LENGTH

(MENTON&ELIJON)
82 FACE (BIZYGOMATIC)

BREADTH
83 BIOCULAR BREADTH
84 INTERPUPILLARY BREADTH
85 INTEROCUIAR BREADTH
86 LIP TO LIP LENGTH
87 LIP= LENGTH (MOUTH

BREADTH)
88 EAR LENGTH
89 EAR LENGTH ABOVE

TRAGION
80 EAR BREADTH
91 EAR PROTRUSION

I PERCENTILE VALUES IN CENTIMETERS

5th PERCENTILE

GROUND
I ITROOPS AVIATORS WOME

632

3108

28.0

26.7
182
20.8

805

142
12.5
16m5

114

10.6

12a
9.3
S*1

505

398

53.8

3304

30.1

20.4
18.6
n .4

9.2

24.4
14.4
13.1
17.5

12.0

7.2

13.0

10.2

12.4
8.4
5.3
27
1.1

4.5
5.9

2.5
3.0
1.6

24.5
17.3
19.7

8a

13.5
12.1
14.2

11.6

7.1

11s

9.6

11.9
8.8
5.1
27

3.7
4.5

24

95th PERCENTILE

sRouNt)
TROOPS AVIATORS WOMEN

58.8

36.1

33.1

30.7
20.7
23.5
12.6

16.3
145
19,4

14.5

9.4

15.1

13.1

14.9
10.9

6.8

69

6.0

59.9 57.7

37.8 36.3

34.7 31.6

33.6
21.0
24.1
121

28.9
16.5
15.2
20.2

14.4

10.9

16.6

73.0

15.1
10.1

7.0
3.8
23

5.9
7.3

3.4
4.3
28

●

■

m

(Continued}

28.9
19.8
23=2
11.8

15.6
13.8
17.4

14.3

9.9

16.8

11.8

14.0
10.5
6.5
3.7

5.1
6.0

3.5

..

.—
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TA6LE XVIII. HEAD AND FAcE-DiMEfis~oNs (concluded)

HEAD AND FACE DIMENSIONS

67 HEAD CIRCUMFERENCE
68 BITRAGION-CORONAL

CURVATURE
68 BITRAGION-MENTON

CUf?VATUi3E
70 BITRAGION-

SUBMAIUDIBULAR
CURVATURE

71 HEAD LENGTH
72 PRONASALE TO WALL
73 TRAGION TO WALL
74 HEAD DIAGONAL

(MENTONQCCiP~)
75 HEAD BREADTH
76 BITRAGION BREADTH
77 BIAURICIJLAR BREADTH
78 HEAD HEIGHT (TRAG.-TOP

OF HEAD)
79 GLABELiA TO TOP

OF HEAD
80 PRONASALE TO TOP

OF HEAD
81 FACE LENGTH

(MENTON+E LLiON )
82 FACE (BiZYGOMATiC)

BREADTH
83 BiOCUUR BREADTH
84 INTERPUPILLARY BREADTH
85 INTEROCULAR BREADTH
86 LiP TO LIP LENGTH
87 LIP LENGTH (MOUTH

BREADTH)
88 EAR LENGTH
89 EAR LENGTH ABOVE

TRAGiON
90 EAR BREADTH
91 EAR PROTRUSION

I PERCENTILE VALUES IN INCHES

I 5th PERCENTILE I 95th PERCENTILE

WIOUND
TROOJ%

20.94

1256

11.42

1051
7.19
8.18
3.33

559
4.92
6.50

4.68

256

4.57

4.17

2.17

150

ViATOR

21.18

13.14

11.s

11.18
732
8.42
3.62

9.60
5.67
5.17
6.89

4.74

281

6.12

4.04

4.87
a31
210
1.08
0.41

1.76
231

0.97
1.19
0.65

. . ----- .—.—
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WOMEN

20.57

12.31

10.74

9.63
6.80
7.88
3.47

5.33
4.76
5.61

4.55

2.79

4.70

%79

4.68
3047
200
1.05

1.48
1.77

0.95

GROUND
TROOPS

23.16

1421

13.03

12D8
8014
9.27
4.95

6.40
5.71
7.64

5.72

3.70

5.!34

5.17

5.88
429
267

2.72

1.97

AViATORS

23.59

74.60

13,66

13.23
827
9.60
4.77

10.59
6.50
5.98
7.95

5.e9

4.30

5.13

5.94

275
1.50
0.92

Zm
288

1.36
1.70
1.09

VOMEN

22.73

14..28

12.45

11.37
7s0
9.16
4.64

6.12
5.45
6.84

5.62

3.88

6.61

4.63

5.53
4.14

1.45

2.01
2.34

1.38

A l-l F,!q lJl,lr,; -1 J. J-W ● -
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more detailed anthropometric data; definitive or more specific data should be

obtained from the service agency responsible for anthropometry.

5.6.3 Use of data.

5.6.3.1 Data limitations. Because the anthropometric data presented here

represent nude body measurements, suitable allowances shall be made for light

or heavy clothing, flying suits, helmets, boots, body armor, load-carrying
equipment, protective equipment, and other worn or carried items, when
utilizing these data for design criteria.

5.6.3.2 Clearance dimensions. Clearance dimensions (e.g., for passageways

and accesses ), which must accommodate or allow passage of the body or parts of
the body, shall be based upon the 95th percentile values for applicable body
dimensions.

5.6.3.3 Limiting dimensions. Limiting dimensions (reachjng distance,
control movement, displays, test points, handrails, etc.) which restrict or
are limited by extensions of the body shall be based upon the 5th percentile
values for applicable body dimensions.

5.6.3.4 Adjustable dimensions. Seats, restraint systems, safety harnesses,

belts, controls or any equipment that must be adjusted for the comfort or

performance of the individual user shall be adjustable over the range of the
5th to 95th percentile values for the applicable body member(s).

5.6.3.5 Clothing and personal equiptnent. Clothing and personal equipment
(including protective or specialized equipment worn or carried by the
individual) shall be designed and sized to accommodate at least the 5th
through the 95th percentile values of body dimensions. Pertinent dimensions
of essential or critical equipment (e.g., aviators’ helmets) shall be based
on the Ist and 99th percentile values. Where two or more dimensions are used
simultaneously as design parameters, appropriate multivariate data and
techniques shall be utilized. (See appendix for representative references.)

5.6.4 Special populations. Where equipment will be used, inclusively or
exclusively, by selected or specialized segments of the military population
(e.g., Army tank crews, Navy divers, etc.) or population ranges other than the
5 -.95th percentiles (e.g., disproportionate anthropometric accommodation test
cases), appropriate available anthropometric data on these specialized
populations, contained in DOD-HDBK-743, shall be utilized for design and
sizing criteria. Where equipment is intended for use by foreign military
personnel, appropriate anthropometric data on such populations shall be
utilized for design and sizing criteria. (See appendix for representative
references.)
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5.7 Workspace desiqn.

5.7.1 General. Unless otnewise noted, the following criteria apply to
ground in~ions and, as practical, to airborne and shipboard
installations.

5.7.1.1 Kick space. All cabinets, consoles, and work surfaces that require
an operator to stand or sit close to their front surfaces shall contain a kick
space at the base at least 100 mm (4 inches) deep and 100 mm (4 inches) high

to allow for protective or specialized apparel.

5.7.1.2 Handles. Handles on cabinets and consoles shall be recessed
whenever practicable, to eliminate projections on the surface. If handles
cannot be recessed, they shall be designed such that they shall neither injure
personnel nor entangle clothing or equipment.

5.7.1.3 Work space. Whenever feasible, free floor space of at least
1.220 m (4 feet) shall be provided In front of each console. For equipment
racks that require maintenance, free floor space shall be provided in
accordance with the following criteria.

5.7.1.3.1 Depth of work area. Clearance from the front of the rack to the
nearest facing surface or obstacle shall not be less than 1.070 m (42 inches).
The minimum s~ace between rows of cabinets shall be 200 mm (8 inches) greater

than the depth of the deepest drawer (equipment).

5.7.1.3.2 Lateral work space. The minimum lateral workspace for racks
having drawers or removable equipment shall be as fo~~ows (measured from the
drawers or equipment in the extended position):

For racks having drawers or removable items weighing less than 20 kg
(44 ~;unds): 460rnm (18 inches) on one side and 100mm (4 inches) on the
other.

b. For racks having drawers or removable items weighing over 20 kg (44
pounds): 460 mm (18 inches) on each side.

5.7.1.3.3 Space between rows of cabinets. The minimum space between rows
of cabinets shall be 200 mm (8 inches) greater than the depth of the deepest
drawer or cabinet.

5.7.1.3.4 Storage space. Adequate and suitable space shall be provided on
consoles or immediate work space for the storage of manuals, worksheets, and
other materials that are required for use by the operational or maintenance
personnel.

5.7.2 Standing operations

5.7.2.1 Work surface. Unless otherwise specified, work surfaces to support
job instruction manuals, worksheets, etc., shall be 915 115 mm (36 ~0.6 inches)
above the floor.
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5.7.2.2 Display placement, normal. Visual displays mounted on vertical
panels and used in normal equipment operation shall be placed between 1.040 m
(41 inches) and 1.780 m (70 inches) above the standinq surface.. .

5.7.2.3 Display pIacement, special. Displays requiring precise and
frequent reading shall be placed between 1.270 m (50 inches) and 1.650 m
(65 inches) above the standing surface.

5.7.2.4 Control placement, normal. All controls mounted on a vertical
surface and used in normal equipment operation shall be located between 860 mm
and 1.780 m (34 and 70 inches) above the standing surface.

5.7.2.5 Control placement, special. Controls requiring precise or frequent

operation and emergency controls shall be mounted between 860 mm and 1.350 m
(34 and 53 inches) above the standing surface and no farther than 530 mm (2I
inches) laterally from the centerline.

5.7.3 Seated operations.

5.7.3.1 Work surface width and depth. A lateral workspace of at least
760 mm (30 inches) wide and 400 mm (16 inches) deep shall be provided whenever
practicable.

5.7.3.2 Work surface height. llesk tops and writing tables shall be 740 to
790 mm (29 to Inches) above the floor, unless otherwise specified.

5.7.3.3 Writing surfaces. Where a writing surface is required on equipment
consoles, it shall be at least 400 mm (16 inches) deep and should be 610 mm
(24 inches) wide, when consistent with operator reach requirements.

5.7.3.4 Seating.

5.7.3.4.1 Comatibilit
~“

Work seating shall provide an adequate supporting
framework for t e o y re ative to the activities that must be carried out.
Chairs to be used with sit-down consoles shall be designed to be operationally
compatible with the console configuration.

5.7.3.4.2 Vertical adjustment. Provision shall be made for vertical seat
adjustment from 380 to 535 mm (15 to 21 inches) in increments of no more than
25mm (1 inch) each.

5.7.3.4.3 Backrest. A supporting backrest that reclines between 1745 and
2005 mrad (100 and 115 degrees) shall be provided. The backrest shall engage
the lumbar and thoraclc regions of the back, and shall support the torso in
such a position that the operator’s eyes can be brought to the “Eye Line” with
no more than 75 mm (3 inches) of forward body movement.

5.7.3.4.4 Cushioning. Where applicable, both the backrest and seat shall
be cushioned with at least 25 mm (1 inch) of compressible material and
provided with a smooth surface.
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5.7.3.4.5 Armrests. Unless otherwise specified, armrests shall be
provided. Armrests that are integral with operators’ chairs shall be at least
50 mm (2 inches) wide and 200 mm (8 incnes) long. Modified or retractable
armrests shall be provided when necessary to maintain compatibility with an
associated console and shall be adjustable from 190 to 280 m (7,5 to
11 inches) above the compressed sitting surface. -

5.7.3.5 Knee room. Knee and foot room that equals or exceeds the following
minimum dim-hall be provided beneath work surfaces:

a. Height: 640mm (25 inches). If a fixed footrest or a foot-operated
control is provided, this dimension shall be increased accordingly.

b. Width: 510 mm (20 inches)

c. Depth: 460 mm (18 inches)

5.7.3.6 Display placement, normal. Visual displays mounted on vertical
panels and used in normal equipment operation shall be placed in an area
between 150 and 1170 mm (6 and 46 inches) above the sitting surface.

5.7.3.7 Display placement, special. Indicators that must be read precisely
and frequently shall be placed in an area between 360 and 890 mm (14 and
35 inches) above the sitting surface, and no further than 530 mm (21 inches)
laterally from the centerline.

5.7.3.8 Warning displays. For “sit” consoles requiring horizontal vision
over the top, critical visual warning displays shall be mounted at least
570 mm (22.5 inches) above the sitting surface.

5.7.3.9 Control placement, normal. All controls mounted on a vertical
surface and used In normal equipment operation shall be located between 200
and 860 mm (8 and 34 inches) above the sitting surface.

5.7.3.10 Control placement, special. Controls requiring precise or
frequent operation shall be mounted between 200 and 740 mm (8 and 29 inches)
above the sitting surface.

5.7.4 Common working positions. Anthropometric data for the design and
sizing of workspaces lnvolvlng standing, sitting, stooping, kneeling and
supine positions are presented in Table XIX and illustrated in Figure 29.
Fifth and 95th percentile values for men and women are given for various body
dimensions in both centimeters and inches. (The data are based on

measurements of 300 Army women and 106 Army men in 1977; therefore,
differences in several measurements common to Table XIX and tables of para 5.6

should be resolved in favor of the latter tab?es. Information on other
“Anthropometry of Common Working Positions” may be found in the reference so
titled in the Appendix.) Suitable allowances should be made for heavy clothing
or protective equipment when required. In no case shall clearance dimensions
be less than the 95th percentile values for men or limiting dimensions be more
than the 5th percentile values for women, shown in Table XIX.
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●

TABLE XIX. ANTHROPOMETRICD ATAFORC OMMONWORKINGP OSITIONS

●

1. WEIGHT - CLOTHED (KILOGRAMS)

2. STATURE - CLOTHED

3. FUNCTIONAL REACH

4. FUNCTIONAL REACH, EXTENDED

5. OVERHEAD REACH HEIGHT

6. OVERHEAD REACH BREADTH

7. BENT TORSO HEIGHT

8. BENT TORSO BREADTH

9. OVERHEAD REACH, SllTING

10. FUNCTIONAL LEG LENGTH

11. KNEELING HEIGHT

12. KNEELING LEG LENGTH

13. BENT KNEE HEIGHT, SUPINE

14. HORIZONTAL LENGTH, KNEES BENT

1. WEIGHT - CLOTHED (POUNDS)

2 STATURE - CLOTHED

3. FUNCTIONAL REACH

4. FUNCTIONAL REACH, EXTENDED

S. OVERHEAD REACH HEIGHT

6. OVERHEAD REACH BREADTH

7. BENT TORSO HEIGHT

8. BENT TORSO BREADTH

9. OVERHEAD REACH, SITTING

10. FUNCTIONAL LEG LENGTH

11. KNEELING HEIGHT

12. KNEELING LEG LENGTH

13. BENT KNEE HEIGHT- SUPINE

14, HORIZONTAL LENGIH, KNEES BENT

I PERCENTILE VALUES IN CENTIMETERS

] WI PERCENTILE 95th PERCENTILE

MEN I WOMEN I MEN I WOMEN

58.6

1885

72.6

842

200.4

352

126.6

40.8

127.9

110.6

121.9

63.9

44.7

150.8

48.8

156.8

64.0

73s

1852

31.5

112.7

3508

117.4

96.6

114.5

592

41.3

140.3

0002
188.0

86.4

1012

230.s

47.9

149.8

48.3

146.9

127.7

136*9

75.5

53.5

173.0

74.6

178.7

79.0

92.7

215.1

37.9

138.6

433

138.4

118.6

130.3

70.5

49.6

163.8

PERCENTILE VALUES IN INCHES

129.1

66.4

28.6

332

78.9

13.9

46.4

16.1

503

43.5

48.0

25.2

17.6

59.4

107.6

61a

252

28.9

no

12.4

44.4

14.5

462

392

45.1

23.3

163

552

188.8

74.4

34.0

39.8

90.8

16.5

56.0

19.0

57s

50.3

53.9

29.7

21.1

68.1

164.5

70.3

31.1

36.5

84.7

14.9

54.6

17.1

54.9

46.7

51.3

27.8

19.5

64.5

—

“Se. Figure 29 for ilhstmtion of each masumnent.

.-
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o1 WEIGHT(CLOTHED)
WEARING FATIGUES &
COMBAT BOOTS; STANDING
IN CENTER OF SCALE

,- J

02

03 FUNCTIONAL REACH - STANDING
ERECT; LOOKING STRAIGHT
AHEAD; BOTH SHOULDERS AGAINST
WALL; RIGHT ARM HORIZONTAL.
MEASURED FROM WALL TO TIP OF
INDEX FINGER

o4

.-

STATURE (CLOTHED)
STANIMNG ERECT; HEELS
TOGETHER; WEIGHT DIS-
TRIBUTED EQUALLY ON BOTH
FEET. MEASURED FROM STANDING
SURFACE TO TOP OF HEAD.

FUNCTIONAL REACH, EXTENOED-
STANDING ERECT; LOOKING STRAIGHT
AHEAD: RIGHT SHOULDER EXTENDED
AS FAR FORWARD AS POSSIBLE WHILE
BACK OF LEFT SHOULDER F} RMLY
AGAINST WALQ ARM tlORIZONTAL.
MEASURED FROM WALL TO TIP OF
INDEX FINGER.

FIGURE 29. ANTl=tROPOMETR IC DATA FOR WORKSPACES*
—--- -..——...— .-——— --- ._. . —-. —=. -—
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.—-

05

07

OVERHEAOREACH HEIGHT-
STANOINGWITH HEELS23cm
APART AND TOES 15 cm FROM
WALL; ARMS E~ENOED OVER-
HEAD WITH FISTS TOUCHING
AND AGAINST WALL; Iti
PHALANGES HORIZONTAL.
MEASURED FROM FLOOR TO
HIGHEST POINT ON Ist PHAIAN GES

BENT TORSO llEIGkT -
STANOING WITH FEET 30 cm APAR(

o6

\

.,

OVERHEAD REACH BREADTH -
STANDING WITH HEELS 23 cm APART
AND TOES 15 cm FROM WALL; ARMS
EXTENDED OVERHEAD WITH FISTS
TOUCHING AND AGAINST WALL; In
PHAIANGES HORIZONTAL MEASURED
HORIZONTALLY ACROSS ARMS OR
SHOULDERS, WHICHEVER !S WIDER.

o8
T;

BENT TORSO BREADTH -
STANDING WtTt14 FEET 30 cm APART;
BENDING OVER AND IUACING THE PALMS

BENDING OVER ANO PLACING PALMS OF OF THE HANDS ON KNEECAPS; ELBCWS
THE HANDS ON KNEECAPS; ELBOWS AND ANO KNEES LOCKED; LOOKING FORWARD;
KNEES LOCKED: LOOKING FORWARD: HEAD TILTED AS FAR BACK AS P~lBLE.
HEAD TILTED AS FAR BACK AS -SIBLE. ME=URED AS MAXIMUM HORIZONTAL
MEASURED FROM FLOOR TO TOP OF HEAD. DISTANCE ACROSS SHOULDERS.

FIGURE 29: ANTHROPOMETRIC DATA FOR WORKSPACES (CONTINUED)8,. -.— .. ---- -
—
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o9

011

-IL
OVERHEAD REACH, SITTING-
SIITING ERECT; RIGHT SIDE AGAINST
WALL; RIGHT ARM EXTENDED UPWARD
WITH PALM FUT AGAINST WALL AND
FINGERS EXTENDED. MEASURED FROM
9mNG SURFACE To np oF MIOOLE
FINGER. .

KNEEIJNG HEIGHT -
KNEELING WITH TOES EXTENDED AND

.

LIGHTLY TOUCHING REAR WALL; TORSO
ERECT WITH ARMS HANGING LOOSELY
AT SIDES. MEASURED FROM FLOOR TO
TOF OF HEAD.

i
—---- —— . . .

0to

/

FUNCTIONAL LEG LENGTH -
SJ’171NG ERECT ON EDGE OF CHAIR;
RIGHT LEG EXTENDED FORWARD
WITH KNEE STRAIGHTENED.
MEASURED FRm HEEL ALONG
AXIS OF LEG TO POSTERIOR
WAIST.

o12 KNEELING LEG LENGTH -
KNEELING WITH TOES EXTENDED
AND LIGHTLY TOUCHING REAR
WALL; TORSO ERECT WITH ARMS
HANGING LO06ELY AT SIDES.
MEASURED FROM WALL TO
ANTERIOR PORTION OF BOTH
KNEES.

.. ...
FIGIJRE- 29. ANTHROPOMETRIC DATA FOR WORKSPACES

[CONTINUED)
..__ -—.. . .
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1

013 BENTKIUEEHEIGI+T, SUPlfUE -
LYING SUPINE; KNEES RAISED UNTIL ANGLE
BE7WEEN UPPER AND LOWER LEGS APPROX-
IMATES 60°; TOES LIGHTLY TOUCWNG WALL.
MEASURED FROM FLOOR TO HIGHEST POINT
~ KNEES.

.

014 HORIZONTAL LENGTH, KNEES BENT -
LYING SUPINE; KNEES RAISED UNn L
ANGLE BEIWEEN UPPER AND L~ER LEGS
APPROXIMATES @; TOES LIGHTLY
TOUCHING WALL. MEASURED FROM WALL
TO TOP OF HEAD.

FIGURE 29. ANTliROPoMETRIC DATA FOR WORKSPACES (CONCLUDED)
.

—. .— .— ---- ——
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5.7.5 Standard console design.

5.7.5.1 llimensions. For purposes of standardization, consoles and the units

and racks which constitute operator work stations should be designed to

conform with the dimensions shown in Table XX and Figure 30.

5.7.5.2 Configurations. The configurations represented in Table XX and
Figure 30 may not be applicable to all design situations. In some cases,

however, operational requmments may necessitate unique design solutions.
Because of the benefits and economies inherent in a standard console, design
should conform with the standard configurations.

5.7.5.3 Variables. The selected console design should accommodate the
following r-ts, as applicable:

a. Visibility over the top of the console.

b. Operator mobility (e.g., “sit”, “stand”, or “sit-stand” requirements)~

c. Panel space. (Note columns “B” and “E”, Table XX)

d. Volume in the area below the writing surface.

5.7.5.4 Console selection. On the basis of the considerations in 5.7.5.3,
the particu~ar configuration that will best meet the requirements should be

selected from among the five console types represented in Table XX.

5.7.6 Special-purpose console design.

5.7.6.1 Horizontal wrap-around. (Figure 31)

5.7.6.1.1 Panel width. When requirements for preferred panel space for a
single seated operator exceed a panel width of 1.120 m (44 inches),
a flat-surface, segmented, wrap-around console should be provided, so as to
place all controls within the reach of the 5th percentile stationary operator.

5.7.6.1.2 Panel angle. The left and right segments should be placed at an

angle, measured from the frontal plane of the central segment, such that they

can be reached by the 5th percentile stationary operator.

5.7.6.1.3 Dimensions (vision over top). Where vision over the top is
required (thereby limltlng vertical panel space), the width of the central
segment shall not exceed 1.120 m (44 inches), and that of the left and right

segments shall not exceed 610 mm (24 inches).

5.7.6.1.4 Dimensions. Where vision over the top is not required, i.e., the
total console height may exceed the seat height by more than 685 mm
(27 inches), the width of the central segment shall not exceed 860 mm
(34 inches), and that of the left and right segments should not exceed 610mm
(24 inches).
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K

.

J- + HEEL
CATCH

15

J-.
4“ 11

4 t ~,, ~
t -p

OPTIONAL —

—

KEY DIMENSIONS I mm (in-l

A MAXIMUM TOTAL CONSOLE HEIGHT FROM STANDING
SURFACE x x

SUGGESTED VERTICAL DIMENSION OF PANEL,
x x

B u u
NQCLSILLS a A

m m
c WRITING SURFACE: SHELF HEIGHT FROM STANDING < 4

SURFACE
k 1-
UJ w

D SEAT HEIGHT FROM STANOiNG SURFACE AT MIDPOINT u w
m

OF ‘~””
w

E* MINIMUM KNEE CLEARANCE Mm) 18
F“ FOOT SUFFORT TO SIHING SURFACE ● - (460) 18
G’ SEAT ADJUSlA81LlTY (1w 6
H“ MINIMUM THIGH CLEARANCE AT MIDPOINT OF “G”’ (lm’) 7-5

t WRITING SURFACE DEPTH INCLUDING SHELF (400) 16

J MINIMUM SHELF DEPTH (loo) 4

K EYE LINE-TO= NSOLE FRONT D!STANCE (400} 16

● W- Amh fifiAnnc -n nnmenm e Tvmee A Aaron c fir *AD I r wvmu J nrrLIsokK c w wnauw~ s rr=a - ncmu o wr onou= AA.

●%lNCE THiS DIMENS1ON MUST NOT 8E EXCEEDED, A HEEL CATCH MUST 8E ADDED
TO THE CHAIR IF “D” EXCEEDS ~ mm {18 in.).

~TE: A SHELF THICKNESS OF 25 nun (1 h) IS ASSUMED. FOR OTHER SHELF
TIWCUNESSES, SUITABLE ADJUSTMENTS SHOULD 8E MADE

FIGURE 30. STANDARD CONSOLE DIMENSIONS KEY
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5.7.6.1.5 Viewinq angle. The total required left-to-right viewing angle
shall not exceed 190 degrees (see Figure 2). This angle should be reduced

whenever possible through appropriate control-display layout.

5.7.6.2 Vertical/stacked segments. (See Figure 32 for example.)

5.7.6.2.1 Panel division. Where direct forward vision over the top of the
console is not required by a seated operator, and when lateral space is
limited, the panel shall be divided into three vertical]stacked segments whose
surfaces should be perpendicular to the operator’s line of sight with little
or no head movement.

5.7.6.2.2 Height. The center of the central segment should be 800 mm

(31.5 inches) above the seat reference point. The height of this segment
shall not exceed 530 mm (21 inches).

5.7.6.3 Sit-stand consoles. Where personnel will work from standing or
seated positions, console dimensions should conform to those of Table XX.

5.7.7 Stairs, stair-ladders, fixed ladders, and ramps.

5.7.7.1 General criteria.

—

5.7.7.1.1 Selection. The selection of stairs, stair-ladders, fixed

ladders, or ramps for specific applications shall be based on the angle of
ascent required and the criteria in Figure 33.

5.7.7.1.2 provision for hand-carrying equipment. Ramps, elevators, or

equivalent means should be provided when equipment must be hand carried.
Ladders shall not be selected in such cases, since both hands should be free
to grasp the ladder. Stairs and steps should not be used where hand-carrying
bulky loads or loads in excess of 13 kg (29 lbs) is required.

5.7.7.1.3 Handrails and guardrails. Stairs, stair-ladders, fixed ladders,
and ramps sho~d be equipped with a handrail on each side. Where one or both
sides are open, appropriate intermediate guardrails shall be provided to
prevent personnel injury. Non-fixed vehicular-boarding ladders are neither
stair ladders nor fixed ladders and are exempt from this requirement.
Ladders shall not be selected in such cases, since both hands should be free
to grasp the ladder. Stairs and steps should not be used where hand-carrying
bulky loads or loads in excess of 13 kg (29 lbs) is required.

5.7.7.2 Stairs. Stair dimensions should conform with the recommended
values and ‘~be within the minimum and maximum limits of Figure 34.

5.7.7.3 Stair ladders. Stair ladder dimensions should conform with the
recommended values and shall be within the specified minimum and maximum
limits of Figure 35. The tread rise shall be open at the rear. Landings
should be provided every tenth or twelfth tread. The surface of treads on

exterior stair ladders should be constructed of open grating material or

should be treated with nonskid material conforming with specification

—
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FIGURE 31. EXAMPLE OF HORIZONTAL.
WRAP-AROUND

(-in.

Fi$zz?’
● 9/! I I

COIUSOLE

—...— -
FIGURE 32. EXAMPLE OF VERTICAL/STACKED SEGMENTS
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90° &
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●

(

b

FIGURE 33. TYPE OF STRUCTURE IN RELATION TO ANGLE OF ASCENT
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MIL-W-5044 applied in accordance with specification MIL-li-5050. Stair ladders
shall be of metal construction. Handrails shall have nonslip surfaces.

5.7.7.4 Fixed ladders. Fixed ladder dimensions should conform with the

recommended values and shall be within the specified minimum and maximum
limits of Figure 36. Fixed ladders which are used to provide access to
multi~le levels should be offset at each successive level. Guardrails should
be provided around the opening at the top of each fixed ladder. All fixed
ladders more than 6 m (20 ft) high shall be equipped with, or include
provision for, a safety device to provide positive protection from falls.

5.7.7.5 Ramps.

5.7.7.5.1 Cleatin~. Where special environmental conditions require

cleating of pedestrian ramps, the cleats should be spaced 360 mm (14 in) apart
and extend from handrail to handrail at right angles to the line of traffic.

5.7.7.5.2 Mixed traffic. When a ramp is required for both pedestrian and
vehicle traff~c, the veh~cle bearing surface should be located in the center
of the ramp, with the pedestrian surface next to the handrails. (A vehicle

ramp with an adjacent pedestrian stairway is preferred for this situation.)

5.7.7.6 Personnel platforms and work areas. The surfaces of exterior
personnel platforms and work areas shall be constructed of open metal grating.
Exterior personnel platforms, for which utilization of open grating is
impractical , and interior walkways shall be treated with nonskid material

conforming to specification MIL-M-5044, applied in accordance with
specification MIL-kl-5050. All open sides of personnel platforms shall be
equipped with guardrails (with intermediate rails), with a top rail height not
less than 1.070 m (4Z Inches) and a toeboard or guard screen height not less
than 75 mm (3 inches). Hand holds shall be furnished where needed. The
distance between the platform edge and the centerline of the railing should

not exceed 65 mm (2.5 inches).

5.7.7.7 Elevators, inclinators, and hydraulic-operated work platforms.
Where these items are required, the following shall be provided:

a. Maximum load signs, located where they can be easily seen.

b. Guards, to prevent accidental operation of the lift.

c. Limit stops, to prevent injury to personnel and damage to equipment.

d. An automatic failsafe brake or other self-locking device in case of
lift mechanism failure.

Provision for manually lowering the platform or elevator when
●

feas;;le.

f. Surface construction or treatment of open platforms, in accordance
with 5.7.7.6.
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1

DIMENSION MINIMUM MAXIMUM RECOMMENDED

~mm
A Tr8*ddapth (im3~dingnosing) 240mm UM/21nJ mmm (12im) (11-12 In.}

E Rkerheight 125mm (5inJ 2(XI mm (8 id 1%-180 mm .._

(6-1/2 – 7 id

C Depth of nosing(where applicable) 19 mm (3/4 h) 36 mm (1-1/2 In.) 25 mm (1 in.)

D Wdth (handrail to bndd):

One+nmystairs 760 mm (30 h) .-. 910 mm (36 h)

Two-way S*fS 1220 mm 448 W . . . lm mm (51h)

E Owhead clearance 1930 mm (76 id . . . 1980 mm (78 in.).

F Height uf handrail (from leadingedge
. .

of tread) * mm {33 In-) w - (37 In.) MO mm (33 }n.)
----

G Handmil diameter 32 mm (1-1/4 Id 75 mm (3 id 36 mm (1-1/2 in.J

H Rail dauana from d 46- (W@ h) --- 75 mm (3 h.).#-
A

FIGURE 34. STAIR DIMENSIONS
.-
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t- -1c

—

?
D

. - .—— — - .———- — — —.-.— -

DIMENSION MINIMUM MAXIMUM RECOMMENDED

A Traad depth rang@:

For 50° rise 160mm {6 h) 2$Omm(10iru) 215 mm (S1/2 In.)

For 75° rise (open Iadden only) 7S mm (3 iwl 140 mm (51/2im) 100 mm (4 in.)

B Riserheight 180mm (7 in.) 300mm{12 in.) 230 mm (9 in.)

C W~dth(handmii to lmdrail) !530mm (21 in.) 610 mm (24 in.) W mm (22 ht.)

0 0u4rhead ciaarance 1730 mm~66 im) . . . 1930 mm (78 im)

E :~ig~f handrail (from landingedga
WO mm (34 In.) 940 mm (37 in.) ~ mm (36 in.)

F Handraii diameter 32 mm (1-1/4 im) 76 mm (3 In.) 38 mm (1-1/2 in.)

G flaiiclearancefromwail 50mm (2 In.) . . . 76 mm (3 in.)
i

WhwwVOr th. dictancs D iS * ttmn 1.890 m (74 {n.), the ovocl?oad~don should tm painted

with vallow and black strip@&

FIGURE 35. STAIR-LADDER DIMENS1ONS..-—.
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DIMENSION MINIMUM MAXIMUM RECOMMENDED

A Ilungthtctmass:

Wood 32wtm (1-1/8 In.) 38 mm (1-1/’2 In.) 35 mm (1~/8 In.)

Protectedmatal 19 mm (3/4 W 36 mm fl-1/21n.) 35mm 11W8W

ComJsiw metal 25mm (1 k) 38mm [1-1/21no) 35 mm (148 In.)

B Rungspacing ?30 mm (9 k) 360mm (Ish%) 300mm(121no)

C Haigttt, rung to landing lwmm {6 h%) 380mm(16htJ wclmm(lskd

0 Width ba~n $lringars =mm (121n.) .-. 460-530 mm (16-21 In.)

E Climbing ckaranca width 610 mm {24 In.) . . . 760 mm (30 h)

Clewancadepth:

F In back of Mder 150mm (6 Im) --- 200 mm (8 Ino)

G On climbing side (range) 910 mm (36 W for 750 to 760 mm (30 In.) fa 90°

H M@ of stringeraboumlanding 840mm(33h%) . . . 910 mm (36 iml

J M@ from I- d~ 360mm(151n.)
to bottom fung

.
—._

FIGURE 36. FIXED-LADDER DIMENSIONS
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5.7.8 Ingress and egress.

5.7.8.1 Doors. Sliding doors shall never be Installed as the only
personnel e~rom a compartment. When a sliding door is used, a separate
hinged door in the sliding door should be provided for personnel use. Fixed
equipment shall be at least 75 mm (3 inches) from the swept area of hinged
doors.

5.7.8.2 Hatches.

5.7.8.2.1 Configuration. Wall hatches shall be flush with the floor where
structural considerations will permit this arrangement. Hatches shall open

with a single motion of the hand or foot.

5.7.8.2.2 Force requirements. When a handle Is used for unlocking a hatcn,
the unlockinq torte required shall not exceed 90 N (20 pounds). Hatches
placed in th; overhead position shall require no more than 220 f! (50 lb) force
for opening and closing and shall be operable by a suitably equipped and
clothed user with 5th percentile arm and hand strength. The force of gravity
should be used, where possible, for ease of opening. Additional requirements

for hatch handwheels are given in 5.4.2.2.5 and Table IX.

5.7.8.2.3 Dimensions. Hatches shall accommodate suitably equipped and
clothed user personnel in terms of limiting dimensions (see 5.6.3.3) for
location and operability, and clearance dimensions (see 5.6.3.2) for size and
passage factors. Where personnel must carry equipment through the hatch,

allowance shall be made for clearance of suitably clothed 95th percentile
h~nds and/or arms, as applicable. Where possible, hatch dimensions shall

conform to the requirements of 5.7.8.3.

5.7.8.3 Whole-body access. Dimensions for rectangular access openings for
body passage shall not be less than those dimensions shown in Figure 37.
Minimum diameter for circular hatches shall be 760mm (30 In). Diameters of
oval hatches in armored vehicles shall not be less than 430 and 710 mm (17 and

28 inches). Where rescue of personnel may be required because of

environmental hazards (e.g., toxic fumes) within the work place, larger access
openings for two-person ingress and egress may be necessary. Where “step
down” through a top access exceeds 690 mm (27 in), appropriate foot rests or

steps shall be provided.

5.7.9 Surface colors

5.7.9.1 Arm .
---+

Surface colors shall conform to MIL-STD-1473 unless
specified by t e procuring activity.

5.7.9.2 Navy. Surface colors shall be as specified by the procuring

activity.

5.7.9.3 Air Force. Surface colors shall be selected from FED-STD-595 as
follows:
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ANO BOTTOM
ACCESS

●

.

/-’1 SIDE
ACCESS

1

DIMENSIONS A. DEPTH

CLOTHING LIGHT I BULKY

& WIDTH

LIGHT I BULKY—
——

!

TOP ANO BOTTOM ACCESS 330 fnm (13 in.) 410 mm (16 in.) 580 mm {23 in.) m mm (27 inJ

SIDE ACCESS 660 mm (26 in.) 740 mm (29 in.) 760 mm (30 in.) em mm (34 in”)

NOTE: DIMENSIONS SHOWN BASED ON MALE DATA.

FIGURE 37. WHOLE BODY ACCES OPENING
*7
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a.

b.

c.

d.

e.

f.

h.

i.

!l!L-STIl-1472D

Console, rack and cabinet exteriors

Panels

Non-critical functional grouping pads

Emergency/critical grouping pads

Interior walls, and ceilings

Interiors of uninhabited compartments
where maintenance is performed

Standard commercial equipment (if,
however, such equipment becomes an
integral part of an assembly, the color

must be identical to or compatible with

that of the assembly)

Anodized or conductive surface

Lettering colors:

Background Color

24300 Green

26492 Gray

27875 White

26231 Gray

21136 Red

Anodized or non-painted

Commercial equipment

24300 Green

26492 Gray

26622 Gray

21136 Red

27875 White

26622 Gray

Existing Color

Not Painted

Lettering Color

17875 White

17038 Black

17038 Black

17875 White

17875 White

17038 Black or
17875 White,
whichever provides
the best contrast

Contrasting Color
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5.8 Environment.

5.8.1 Heating, ventilating, and air conditioning.

5.8.1.1 Heatin .
+

Heating shall be provided within mobile personnel

enclosures utl lzed for detail work or occupied during extended periods of
time to maintain interior dry bulb temperature above 10”C (50°F). ldithin

permanent and semi-permanent facilities, provisions shall be made to maintain

an effective temperature (E.T.) or corrected effective temperature (C.E.T.)

not less than 18°C (65”F) (see Figure 38), unless dictated otherwise by

workload or extremely heavy clothing. (See 5.12.6.1 for vehicle heating

provisions.) Heating systems shall be designed such that hot air discharge is
not directed on personnel.

5.8.1.2 Ventilatln~. Adequate ventilation shall be assured by introducing
fresh air into any personnel enclosure. If the enclosure volume is 4.25 m3
(150 ft3) or less per person, a minimum of 0.85m3 (30 ft3) of ventilation air
per minute shall be introduced into the enclosure; approximately two-thirds

should be outdoor air. For larger enclosures, the air supply per person may
be in accordance with the curves in Figure 39. Air shall be moved past
personnel at a velocity not more than 60 m (200 ft) per minute. kfhere manuals
or loose papers are used, airspeed past these items shall be not more than
30 m (100 ft) per minute-- 20m (65 ft) per minute if possible, to preclude

pages in manuals from being turned by the air or papers from being blown off
work surfaces. Under NBC conditions, ventilation requirements shall be
modified as required. Ventilation or other protective measures shall be
provided to keep gases, vapors, dust, and fumes within the Permissible
Exposure Limits specified by 29 CFR 1910 and the limits specified in the
American Conference of Governmental Industrial Hygienists Threshold Limit

Values. Intakes for ventilation systems shall be located to minimize the
introduction of contaminated air from such sources as exhaust pipes. (See
5.12.6.2 for vehicle ventilation provisions.)

5.8.1.3 Air conditionin~. The effective temperature or CET within

Dersonnel enclosures utilized for detatl work during extended periods shall be
maintained at or below 29.5°C (85”F) (see Figure 381. Air conditioning
systems shall be designed such that cold-air discharge is not directed on
personnel.

5.8.1.4 Humidit
+’

Approximately 45% relative humidity should be provided
at 21”C (70 Th~s value should decrease with rising temperatures, but
should remain above 15 percent to prevent irritation and drying of body
tissues, e.g., eyes, sk~n, and respiratory tract (see Figure 40).

5.8.1.5 Temperature uniformity. The temperature of the air at floor level
and at head level should not differ by more than 5.5°C (10”F).

5.8.1.6 Personal equipment thermal control. When special protective
clothing or personal equipment, including full and partial pressure suits,
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0 10 20 30

ENCLOSURE VOLUME (m3/PERSON)

FIGURE 39. VENTILATION REQUIREMENTS

fuel handler suits, body armor, arctic clothing and temperature regulated
clothing are required and worn, a comfort micro-climate between 20aC (68”F),
14 mm Hg ambient water vapor pressure and 35°C (95°F), 3 mm Hg ambient water
vapor pressure is desirable and, where posstble, shall be maintained by heat
transfer systems.

5.8.1.7 Thermal tolerance and comfort zones. Temperature and humfdlty

exposure should not exceed the effective temperature limits given in Figure 40

when corrected for air velocity (Figure 39).

5.8.1.8 Limited thermal tolerance zones. Where hard physical work is to be
required for more than two hours, an environment not exceeding a 14BGTor MD
index of 25°C (77°F) shall be prov”ided. Where the wearing of protective
clothing systems (which reduce evaporation of sweat from the skin) is
required, this index shall be decreased 5°C (lO°F) for complete chemical
protective uniforms, 4eC (7°F) for intermediate clothing systems, and 3°C
(5”F) for body armor.

5.8.2 Nluminance. Where equipment is to be used in enclosures and is not
subject to blackout or special low-level ~ighting requir~ents, illumination
levels shall be as specified by Table XXI and shall be distributed so es to
reduce glare and specular reflection. Capability for dimming shall be
provided. Adequate illumination shall be”provid&d for maintenance tasks.
General and supplementary lighting shall be used as appropriate to insure that
illumination is compatible W;th each task situation. Portable lights should
be provided for personnel performing visual tasks in areas where fixed
illumination is not provided. For display lighting, see Table XXII.
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TABLE XXI. SPECIFIC TASK ILLUMINATION REQUIREMENTS

J~LuM INATION LEVELS
Lux

* {FT Cl.

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM

Assembly mlsslle comDonent 1075 (1 00) 540 (50)

Assembly, general
coarse 540 (50) 325 (30)

medium 810 (75) 540 (50)

fine 1075 (100) 810 (75)

precise 3230 (300) 2155 (200)

Bench work
rough 540 (50) 325 (30)

meduim 810 (75) 540 (50)

fine 1615 (150) 1075 (100)

extra fine 3230 (300) 2155 (200)

Bomb shelters and mobile shelters, 20 (2) 10 (1)

when used for rest and relief

Business machine operation (calculator, digital, inDut, etc. ) 1075 (100) 540 (50)

Console surface 540 (50) 325 (30)

Corridors 215 (20) 110(10)

Circuit diagram 1075 (1 00) 540 (50)

Dials 540 (50) 325 (30)

Electrical equipment testing 540 (50) 325 (30)

Emergency lighting NA 30 (3)

Gaaes 540 (50) 325 (30)

Hallwavs 215 (20) 110(10)

●As measured at the task object or 76o mm (30 in.) above the floor.

(Continued)
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TABLE XXI. SPECIFIC TASK ILLUMINATION REQUIREMENTS
(CONTINUED)

ILLU MINATION lE VE~
Lw

● (FT-C\

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM

Inspection tasks, general
rough 540 (50) 325 (30)

medium 1075 (loo) 540 (50)

fine 2155 (200) 1075 (loo)

extra fine 3230 (300) 2155 (200)

Machine operation, automatic 540 (so) 325 (30)

Meters 540 (50) 325 (30)

Missiles:
repair and servicing 1075 (100) 540 (50)

storage areas 215 (20) 110(10)

general inspection 540 (50) 325 (30)

Office wo~, general 755 (70) 540 (50)

Ordinary seeing tasks 540 (50) 325 (30)

Panels:
front 540 (50) 325 (30)

rear 325 (30) 110(10)

Passageways 215 (20) 110(10)

Reading:
large print 325 (30) 110(10)

newsprint 540 (50) 325 (30)

handwritten repotls, In pencil 755 (70) 540 (50)

small type 755 (70) 540 (50)

prolonged reading 755 (70) 540 (50)

Recording 755 (70) 540 (50)

“As measured at the task object or 760 mm (30 in. ) above the floor.

(Continued)
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TABLE XXI. SPECIFIC TASK ILLUMINATION REQUIREMENTS
(CONCLUDED)

ILLU MINATION LEVEE
LUX* [FT-C\

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM

Repair work:

general 540 (50) 325 (30)

instrument 2155 (200) 1075 (100)

Scales 540 (50) 325 (30)

Screw fasteninq 540 (50) 325 (30)

Service areas. aeneral 215 (20) 110(10)

Stairwavs 215 (20) 110(10)

Storage:
inactive or dead 55 (5) 30 (3)

general warehouse 110(10) 55 (5)

live, rough or bulk 110(10) 55 (5)

!ive, medium, 325 (30) 215 (20)

live, fine 540 (50) 325 (30)

Switchboards 540 (50) 325 (30)

Tanks, containers 215 (20) 110(10)

Testing:
rough 540 (50) 325 (30)

fine 1075 (loo) 540 (50)

extra fine 2155 (200) 1075 (100)

Transcribing and tabulation 1075 (100) 540 (50)

Note: Some unusual inspection tasks may require up to 10,000 Iux (1 ,000 ft-c)

Note:As a guide in determining illumination requirements the use of a steel scale

with 1/64 inch divisions requires 1950 Iux (180 ft-C) of light for
optimum visibilty.

●As measured at the task object or 760 mm (30 in.) above the floor.
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TABLE XXII. RECOMMENDATIONS FOR DISPUY LIGHTING
.——. ..—

CONDITION LIGHTING BRIGHTNESS BRIGHTNESS

OF USE TECHNIQUE ● OF MARKINGS ADJUSTMENT

af/m2 (Ft-L)

\ndi cotor reading, Rod flood, indirect, OJ37d.36 Continuous throu+-

dark adaptation Or both, with op9r- (0.02-0.1 ) ov t range

necessom ctor choice

Indi cater rooding, R.d or low-color- 0.074.5 Continuous through=

dark ad~tation temperature white (0.02-1 .0) out rang.

not noeessary but flood, indirect, or

dosimblo bOQh, with epmratar

cho i co

Indicator rooding, Whit. flood 3.6-70
Fixed or continuous

dark adaptation (1-20)

not nacossary

Ponol monitoring Red ●dgo Ii+ting, 0.07-3.5 Continuous thmugh-

&& Odaptotbn red et di~ Jlood, (0.02–1 .0) au+ ronge

neeesso~ or both, with oper-

ator ehoico

Panel monitoring, whit. flood
35-70 Fixed or continuous

dark adaptation
i (10-20) J

not nocossary

Possible ●xposure Whito flood 35-70 Fixed

to bright floshes, II 0-20)
rostrictod doylight

Chart reodhtg, Rod or whit. flood 0.3s-3.60
Continuous throu+-

derk odoptotion with oparator (0.1-1.0)
out range

nocomsary choi co

Chart reading, Whit. flood 17-70 Fixed or continuous

dork adqtation (6-20)

not nocossary

“ Where detection of ground va+ticks or other protected emts by imaga intensifier ni~t vision dwicas
mustbetminlmizo~ blue-grwn li@t (incanckcwft fllmwm throu@ a fib which passtts only WW*

iengths sho~r than 600 mm) should be used in lieu of red light.

:74

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



III L- STD-1472D

5.%3 Acoustical noise

5.8.3.1 General. Personnel shdll be provided an acoustica? en’/ir@n!T!Qnt
which will not cause personnel injury, interfere with voice or any other

communications, cause fatigue, or in any other way degrade overall system

effectiveness. The fact that a component which contributes to the overall
noise may be government furnished equipment shall not eliminate the
requirement that the total system conform to the criteria herein.

5.8.3.2 Hazardous noise. Equipment shall not generate noise in excess of
maximum allowable levels prescribed by MIL-A-8806, MIL-S-008806, MIL-STD-740-1,
MIL-STD-1294, MIL-STD-1474, Chapter 18 of OPNAVINST 5100.238 or AFR 161-35, as
applicable.

5.8.3.3 Non-hazardous noise. Workspace noise shall be reduced to levels
that oermit necessary direct (person-to-person) and telephone communication
and establish an acc~ptable acoustical work environment. Criteria for
workspaces are defined by either the A-weighted sound level (dB(A)) or the
speech interference level (SIL) and are given in 5.8.3.3.1 through 5.8.3.3.6.
The A-weighted sound level is the desired requirement. where it is not

possible to meet the specified A-weighted sound level, the corresponding SIL
requirement shall be met. Figure 41 provides guidance on the relationship

between required vocal-effort, speaker-to-listener distance and noise level.
Procedures for determining speech intelligibility are provided in 5.3.12.

5.8.3.3.1 General workspaces. Areas requiring occasional telephone use or
occasional direct communication at distances up to 1.5 m (5 ft) shall not
exceed 75 d5(A) SIL. (Examples: maintenance shops and shelters, garages,
keypunch areas, shipboard engineering areas.)

5.8.3.3.2 Operational areas. Areas requiring frequent telephone use or
occasional direct communication at distances up to 1.520 m (5 ft) shall not
exceed 65 dB(A) SIL. (Examples: operation centers, mobile command and

communication shelters, combat information centers, word processing centers.)

5.8.3.3.3 Large workspaces. Areas requiring no difficulty with telephone
use or requiring occasional direct communication at distances up to 4.570 m

(15 ft) shall not exceed 55dB(A) SIL. (Examples: drafting room, shop
offices, laboratories.)

5.8.3.3.4 Small office spaces/special areas. Areas requiring no difficulty
with direct communication shall not exceed 45 dB(A) SIL. (Examples:
conference rooms, libraries, offices, command and control centers.)

5.8.3.3.5 Extreme quiet areas. Areas requiring extreme quiet shall not
exceed 35 dB(A) SIL. (Example: recording studios.)

5.8.3.3.6 Shipboard areas. Shipboard areas requiring a specified speech
communication environment shall not exceed 5 dll above the levels of 5.8.3.3.1
to 5.8.3.3.5, as applicable. Levels for spaces and categories not covered in
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these paragraphs shall be as given in the detailed shipbuilding specification.

(Examples: sonar control rooms, ward rooms). Equipment noise acceptance

criteria to achieve specified space levels shall conform to !!IL-STO-740-I.

5.8.3.4 Facility design.

5.8.3.4.1 General provision. In the design of a workspace or facility, the

ambient noise level shall be controlled to the extent feasible through
effective sound reduction or attenuation to meet the criteria herein.

5.8.3.4.2 Attenuation by materials and layout. Acoustic materials with
high sound-absorption coefficients should be provided as necessary in the
construction of floors, walls, and ceiling to effect the required sound
control . In the physical design and layout of rooms and work stations,
excessive noise should be attenuated by such means as staggered construction
of walls, staggering of doors in corridors or between rooms, and use of

thick-paned or double-paned windows.

5.8.3.4.3 Reduction of reverberation time. Where speech communication is
a consideration. the acoustical treatment of facilities should be sufficient
to reduce reverberation time, as defined by ANSI S1.1, to the applicable
limits of Figure 42.

5.8.4 Vibration.

5.8.4.1 Whole body vibration.

5.8.4.1.1 Vehicular vibration. Vehicles for use on land, sea, or air
should be desiqned to control the transmission of whole body vibration to

levels that wiil permit safe operation and maintenance as shown in Figure 43
(see 1S0 2631). In the case of multidirectional vibration, each direction
should be evaluated independently with respect to the limits presented.

5.8.4.1.1.1 Safety level. In order to protect human health, whole body
vibration should not exceed twice the acceleration values shown on Figure 43
for the time and frequencies indicated.

5.8.4.1.1.2 Proficiency level. Where proficiency is required for
operational and maintenance tasks, whole body vibration should not exceed the
acceleration values shown on Figure 43 for the time and frequencies indicated.

5.8.4.1.1.3 Comfort level. Where comfort is to be maintained, the
acceleration values shown on Figure 43 should be divided by 3.15.

5.8.4.1.1.4 Motion sickness. In order to prevent motion sickness, very low
frequency vibration should not exceed the limits of Figure 44.

5.8.4.1.2 Building vibrations. Buildings intended for occupation by humans
should be designed/located to control the transmission of whole body vibration
levels that are acceptable to the occupants as specified by 1S0 2631.
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5.8.4.2 Equipment vibration. where whole body vibrations of the human

operator or parts of the body are not a factor, equipment oscillations should
not impair human performance with respect to control manipulations or the
readability of numerals or letters. Equipment vibrations in the shaded area
of the upper curve of Figure 43, should be avoided.

—
180

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



r41L-sTD-1472D

M/SEC: 9
— —

too
i

1.00
9.0
8.0 +0.600
7.0 i
6,0 ~ 0.630 //

):/
5.0

4.0

3.0

0.5

0.4

f

(0.s00

o.4m

0.315

\

0.2s0

0.200

0.1

1

0.12

0.100

1 0.060

i 0.063

0.3 +
0.0315

L 0.025

0.2

+
0.020

r
0.016

10.0125

0.1 J.--L_A 1 1 1 1 1 i t 1 1 1 4

0.06 0.080,.0.1250,60.200 ~50.3150 ~. ‘-50 0.80, ~
0.083 . 063 ..

CEWER FREQUENCY OF THIRWAVE 6AN0 in Hz

FIGURE 44. THE 90 PERCENT MOTION SICKNESS PROTECTION
LIMITS FOR HUMAN EXPOSURE TO VERY” LO,W
FREWENCY VIBRATl~

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-ST!I-1472D

This page intentionally left blank

182

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



—-

~~~.sT~-1472~

5.9 Design for maintainer.

5.9.1 General.

5.9.1.1 Standardization. Standard parts shall be used whenever practicable
and should meet the human engineering criteria herein.

5.9.102 Special tools. Special tools shall be used only when common hand
tools cannot be utilized or when they provide significant advantage over
common hand tools. Special tools required for operational adjustment
maintenance should be securely mounted within the equipment in a readily
accessible location.

5.9.1.3 Modular replacement. Equipment should be replaceable as modular
packages and shall be configured for removal and replacement by one person
where permitted by structural, functional, and weight limitations. (See
5.9.11.3.)

5.9.1.4 Separate adjustability. It shall be possible to check and adjust
each item, or function of an ~tem, individually.

5.9.1.5 Malfunction identification. Equipment design shall facilitate
rapid and positive fault detection and isolation of defective items to permit
their prompt removal and replacement.

5.9.1.6 Assembly and disassembly. Equipment shall be capable of being
assembled and disassembled in its operational environment by a minimum number
of trained personnel wearing clothing appropriate to the operating environment
specified for the system maintenance concept.

5.9.1.7 Clothing constraints. Equipment shall be capable of being removed,
replaced, and repaired by personnel wearing personal and special purpose
clothing and equipment appropriate to the maintenance concept, including NBC
protective clothing in an NBC contaminated environment.

5.9.1.8 Errorproof desiqn. Provisions to preclude improper mounting and
installation shall Include:

a. Physical measures to preclude interchange of items of a same or
similar form that are not in fact functionally interchangeable.

b. Physical measures to preclude improper mounting of units or components.

c. Measures (e.g., coding) to facilitate identification and interchange
of interchangeable items.

do Measures (e.g., alignment pins) to facilitate proper mounting of items.

e. Measures to insure that identification, orientation, and alignment
provisions include cables and connectors.
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5.9.2 Mounting of items within units.

5.9.2.1 Stacking avoidance. Parts should be mounted in an orderly array on
a “two-dimensional” surface, rather than stacked one on another (i.e., a lower
layer should not support an upper layer, so subassemblies do not have to be
removed to access other subassemblies within the equipment.

5.9.2.2 Similar items. Similar items shall utilize a common mounting
design and orientation within the unit. This mounting design shall preclude
interchange of items which are not functionally interchangeable. Similar
items which are not functionally interchangeable shall be made distinguishable

by labeling, color coding, marking, etc., to prevent unwanted substitution.

5.9.2.3 Delicate items. Components susceptible to maintenance induced
damage tnrough rough handling, static electricity, abrasion, lack of
cleanliness or other such factors shall be clearly identified and guarded from
abuse both physically and by procedural requirements.

5.9.3 Adjustment controls. Controls required for maintenance purposes
shall comply with basic control design requirements in 5.4 and labeling
requirements in 5.5.

5.9.3.1 Knob adjustments. Knobs rather than screwdriver controls shall be
used whenever adjustments occuring more often than once per month must be
performed where access, weight, and related considerations permit their use.
Knobs shall maintain setting following adjustment.

5.9.3.2 Blind screwdriver adjustments. Screwdriver adjustments made
without visual access are permissible only if mechanical guides are provided
to align the screwdriver. Screw travel shall be limited to prevent the screw
from falling out of its intended position.

5.9.3.3 Reference scale for adjustment controls. A reference scale or
other appropriate feedback shall be provided for all adjustment controls. The
reference scale shall be readily visible to the person making the adjustment.
Mirrors or flashlights should not be required for adjustments.

5.9.3.4 Control limits. Calibration or adjustment controls which are
intended to have a limited degree of motion shall have mechanical stops with
strength to prevent damage by a force or torque 100 times greater than the
resistance to movement within the range of adjustment.

5.9.3.5 Critical controls. Critical and sensitive adjustment controls
shall incor~orate features to prevent inadvertent or accidental actuation. If
a locking device is to be used-to prevent inadvertent actuation, operation of
the locking device shall not change the adjustment setting. Where the
operator or maintainer is subjected to disturbing vibrations or acceleration
during the adjustment operation, suitable hand or arm support shall be
provided near the control location to facilitate making adjustment.

184

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

5.9.3.6 Hazardous locations. Adjustment controls should not be located
close to dangerous voltages, moving machinery, or any other hazards. If such
location cannot be avoided, the controls shall be appropriately shielded and
labeled.

5.9.4 Accessibility.

5.9.4.1 Structural members. Structural members or permanently
installed equipment shall not visually or physically obstruct adjustment,
servicinq, removal of replaceable equipment or other required maintenance
tasks. ~anels, cases, and covers removed to access equipment shall have
the same access requirements as replaceable equipment. Mounting
provisions shall be directly visually, and physically accessible by the
maintainers. Unless required by security considerations, no special
tools shall be required for removal or replacement.

5.9.4.2 Large items. Large items which are difficult to remove shall be so
mounted that they will not prevent convenient access to other items.

5.9.4.3. Use of tools and test equipment. Check points, adjustment points,

test points, cables, connectors, and labels shall be accessible and visible
during maintenance. Sufficient space shall be provided for the use of test
equipment and other required tools without difficulty or hazard.

5.9.4.4 Rear access. Sliding, rotating or hinged equipment to which rear
access is required shall be free to open or rotate their full distance and
remain in the open position without being supported by hand. Rear access
shall also be provided to plug connectors for test points, soldering and pin
removal where connectors require such operations. Aircraft installed
equipment shall be configured for one-sided access.

5.9.4.5 Relative accessibility. Mission critical items which require rapid
maintenance shall be most accessible. When relative criticality is not a
factor, items requiring most frequent access shall be most accessible.

5.9.4.6 High-failure-rate items. High-failure-rate items should be
accessible for replacement without moving non-failed items. Mechanical
replacement items shall be removable with common hand tools and simple
handling equipment.

5.9.4.7 Skills. Access to items maintained by one technician should not
require rem-f critical equipment maintained by another technician,
particularly where highly specialized skills are Involved.

5.9.5 Lubrication.

5.9.5.1 General. Configuration of equipment containing mechanical items
requiring l~ion shall permit both lubrication and checking of lubricant
levels without disassembly. Extended fittings shall be provided to lubricant
ports that would not otherwise be readily accessible or visible. permanently
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lubricated items for which lubricant lasts for the life of the items are
excluded. A clear indication of completion of lube servicing shall be
provided to ensure proper servicing level. Lube fittings shall be sized to
prevent cross coupling with improper lube servicing devices.

5.9.5.2 Labeling. Where lubrication is required, the type of lubricant to
be used and the frequency of lubrication shall be specified by a label mounted
at or near the lube port or grease fitting. For non-airborne equipment, a
lubrication chart of permanent construction shall be mounted at the operator
station of the equipment; individual labels shall not be required when the
equipment has only one type of fitting and uses only one type of lubricant.

5.9.6 Case and cover mounting. Cover or shield holes shall be large enough
for mount?ng screw clearance without perfect case alignment.

5.9.7 Casese

5.9.7.1 Orientation. The proper orientation of an item within its case
shall be made obvious, either through design of the case or by means of
appropriate labels.

5.9.7.2 Removal. Cases should lift from items rather than the converse.
Equipment s~e protected from darnage when cases are removed or replaced.
Cases shall not require manual support to remain In the open position during
maintenance.

5.9.7.3 Size. Cases shall be sufficiently larger than the items they cover
to fac~lita~nstal lation and removal with little or no case manipulation.

5.9.7.4 Guides. Guides, tracks, and stops shall be provided as necessary
to facilitate handling and to prevent damage to equipment or injury to
personnel .

5.9.8 Covers.

5.9.8.1 Securing of covers. It shall be made obvious when a cover is not
secured, even though It may be in place.

5.9.8.2 Instructions. If the method of opening a cover is not obvious from
the construction of the cover itself, instructions shall be permanently
displayed on the outside of the cover. Instructions shall consist of simple

symbols such as arrows or simple words such as “push” or “push and turn.”

5.9.8.3 Clearance. Bulkheads, brackets, and other equipment shall not
obstruct visual or physical access for removal or opening of covers on
equipment within which work must be performed in the installed condition.
Covers, doors or panels which must be opened to perform on-site maintenance
shall be visually and physically accessible to the maintainers.
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5.9.9 Access openings and covers.

5.9.9.1 Application. An access shall be provided whenever frequent
maintenance operations would otherwise require removing a case or covering,
opening a fitting, or dismantling an item of equipment.

5.9.9.2 Self-supporting covers. Hinged access covers that are not
comDletelv removable shall be self-supporting in the open position. The cover
in the open posltlon shall not obstruct required visual or physical access to
the equipment being maintained or to related equipment during maintenance.
Self-supporting covers should be capable of being opened and closed with one
hand. Covers shall be secured to withstand windgusts, vibrations, or other
environmental effects as specified by system requirements.

5.9.9.3 Labelinq. Each access should be labeled with nomenclature for
items visible or accessible through it, nomenclature for auxiliary equipment
to be used with it and recommended procedures for accomplishing operations.
Accesses shall be labeled with warning signs, advis~ng of any hazards existing
beyond the access and stating necessary precaution. Opening or removing an
access cover shall not remove or visually obstruct any hazard warning. If
instructions applying to a covered item are lettered on a hinged door, the
lettering shall be properly oriented to be read when the door is open.
Warning notices shall be clear, direct, and attention-getting and have a 25
percent larger letter height than any detailed instructions which follow.

5.9.9.4 Roundin
+’

Cover and access edges shall be rounded (See 5.13.5.4)
to preclude and Injury or clothing damage.

5.9.9.5 Physical access.

5.9.9.5.1 Arm and hand access. Access openings provided for adjusting and
handlinq interior e~ui~ment shall be sized to permit the required operations
and shail provide an adequate view of the item” being manipulated. All blind arm
and hand access shall require approval of procuring authority.

5.9.9.5.1.1 Opening covers. Access covers shall be equipped with grasp
areas or other means for opening them. Where operations will require opening
and closing the covers while wearing gloves or special clothing, opening
provisions shall accommodate the gloves or special clothing.

5.9.9.5.1.2 Reach access dimensions. The dimensions of access openings for
arms, hands, and fingers shall be no less than those shown in Figure 45.
Allowance shall be made for the clearance of the operator’s gloved or mittened
hand, or special clothing as appropriate. Shape of access shall allow easy
passage of equipment, body appendage or tools as appropriate. Access shape
shall permit passage of all equipment that must be replaced through the
opening allowing for protuberances, attachments and handles on the equipment.

5.9.9.5.1.3 Tool access dimensions. Access openings shall be iarge enough
to operate tools required for ma~ntenance of the equipment reached through the
access.
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FIGURE 45. ARM AND HAND ACCESS DIMENSIONS, IN mm
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MINiMAL TWO-HANO ACCESS OPENINGS WITHOUT VISUAL ACCESS—
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5.9.9.5.1.4
replacement of
gloved hand as

5.9.9.5.1.5

?4~~-sTg-~37~n

Remove and replace dimensions. Opening size for removal and
equipment shall allow for handling clearance for bare hand or
appropriate.

Guarding hazardous conditions. If a hazardous condition, such
as exposed conductors energized with dangerous voltages or currents, exist
behind the access, the physical barrier over the access shall be equiped with
an interlock that will de-energize the hazardous equipment when the barrier is
open or removed. Both the presence of the hazard and the fact that an
interlock exists shall be noted on the equipment case or cover such that it
remains visible when the access is open.

5.9.9.5.1.6 Type of opening. Where physical access is required, the
following practices shall be followed in order of preference:

a. An opening with no cover unless this is likely to degrade system
performance, safety, or NBC contamination survivability.

b. A hand operated (latched, sliding, or hinged) cap or door where dirt,
moisture, or other foreign materials might otherwise create a problem.

co A quick-opening cover plate using 1/4 turn captive fasteners if a cap
will not meet stress requirements or space prevents a hinged cover.

d. When captive fasteners cannot be used because of stress, structure or
pressurization, screw down cover. Use minimum number of interchangeable
screws to fasten door.

5.9.9.6 Visual access. Where visual access is required, the opening shall
provide a visual angle sufficient to view all required information at the
normal operating or maintenance position. The maintainer should be provided
unrestricted visual access from the work station without bending. Where
bending is required, frequency and time in the bent position shall not cause
fatigue. Where visual access only is required, the following practices shall
be followed in order of precedence:

a. An opening with no cover except where this might degrade system
performance or NBC survivability.

b. A transparent window if dirt, moisture, or other foreign materials
might otherwise create a problem.

c. A break-resistant glass window if physical wear, heat, or contact with
solvents would otherwise cause optical deterioration.

d. A quick-opening opaque cover if glass will not meet stress or other
requirements.

5.9.9.7 Access cover attachment. Covers shall be attached with the fewest
number of simplest-to-operate fasteners practicable. Fasteners shall be
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operable by hand or by common hand tools in that order of preference. Smal1,
removable covers shall be attached to structure or otherwise retained to
prevent 10ss.

5.9.10 Fasteners.

5.9.10.1 General. The number and diversity of fasteners used shall be
minimized commensurate with stress, bonding, pressurization, shjeklW,
thermal and safety requirements. When more than one size or type fastener is
used on the same equipment or cover, the fasteners/equipment/cover interface
shall permit the maintainer to readily distinguish the intended location of
each fastener. Finger or hand-operated fasteners shall be used when
consistent with these requirements, except where screws with heads flush with
the case or fastening surface are required for NBC survivability. Fasteners
requiring non-standard tools shall not be used.

5.9.10.2 Hinges and tongue-and-slot catches. Hinges, tongue-and-slot
catches and mounting pins shall be used to minimize the number of fasteners
required; however, where covers are subject to NBC survivability requirements,
pin and hook arrangements, rather than hinges, should be used.

5.9.10.3 Captive fasteners. Captive fasteners shall be used where dropping
or 10SS of such items could cause damaqe to equipment or create a difficult or
hazardous removal problem. Captive fa~teners -shall also be provided for
access covers requiring frequent removal.

5.9.10.4 Quantity. If a hinged access panel or quick-opening fasteners
will not meet stress, pressurization, shielding, or safety requirements, the
minimum number consistent with these requirements shall be used.

5.9.10.5 Fastener head type.

5.9.10.5.1 High torque fasteners. External hex or external double-hex
wrenchina elements shall be Drovided on all machine screws, bolts or other
fastener; requiring more than 14 Nom (lOft-lb) of torque. ‘When external
wrenching fasteners cannot meet the mechanical function or personnel safety
requirements, or in limited access situations, and where use is protected from
accumulation-of foreign material, internal wrenching fasteners may be used.
Direct tool access shall be provided to allow for torquing without the use of
irregular extens~ons.

5.9.10.5.2 Low torque fasteners. Hex type internal grip head, hex type
external qrip head or combination head (hex or straight-slot internal grip and
hex type ;xternal-grip head) or Torq-set fasteners may be provided where less
than 14 NoM (10 ft lb) torque is required; however, internal-grip head
fasteners shall be provided only where a straight or convex smooth surface is
required for mechanical function or for personnel safety and where use is
protected from accumulation of foreign material (e.g., ice, snow). .

Straight-slot or cross-recess type internal grip fasteners shall not be
provided, except as wood fasteners or where these type fasteners are provided
on standard commercial items.
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5.9.10.5.3 Common fasteners. Idhenever possible, identical screw and bolt
heads shall be provided to allow various panels and components to be removed
with one tool. Combination bolt heads such as slotted hex head should be
selected whenever feasible. Identical fasteners sha’11not be used where
removal of wrong fastener can result in equipment damage or change to
calibration settings.

5.9.10.6 Accessibility. The heads of mounting bolts and fasteners should
be located on surfaces readily accessible to the maintainer. Both hand and
tool access shall be provided to the unthreaded or loosened fastener.

5.9.10.7 Number of turns. Fasteners for mounting assemblies and
subassemblies shall require a minimum number of turns, compatible with stress,
alignment, positioning and load considerations. When machine screws or bolts
are required, the number of turns and the amount of torque shall be no more
than necessary to provide the required strength except when a common fastener
is utilized. All items requiring removal for daily or more frequent scheduled
inspections and servicing shall utilize quick release fasteners.

5.9.10.8 Torque labeling. When fastener torquing to meet E!lI/RFI
shielding, t~ermal conductance or other constraints is required for
organizational or intermediate level maintenance actions, an instructional
label or placard should be provided in reasonable proximity to fasteners.
Such labels shall comply with requirements of 5.5 and specify required torque
value and torquing sequence.

5.9.11 Unit design for efficient handling.

5.9.11.1 Rests and stands. When required to support operations or
maintenance functions, rests or stands on which units can be placed, including
space for test equipment, tools, technical orders and manuals, should be
provided. When permitted by design requirements, such rests or stands shall
be part of the basic unit, rack or console chassis.

5.9.11.2 Extensions. Extensions and connected appurtenances, accessories,
utilities, cables, wave guides, hoses and similar items shall not interfere
with removing, replacing, or carrying an item. If such extensions and
connected appurtenances interfere with these tasks, they shall be easily
removed or disconnected from the equipment before handling. Easy disconnect
shall consist of hand operable quick disconnect or standard hand tool operable
disconnects in that order of preference.

5.9.11.3 Weight.

5.9.11.3.1 Lifting limits. The weight limits in Table XXIII, conditions A
and B, shall be used as maximum values in determining the design weight of

—

items requiring one person lifting with two hands. Double the weight limits
in Table XXIII shall be used as the maximum values in determining the design
weight of items requiring two person lifting, provided the load is uniformly
distributed between the two lifters. If the weight of the load is not
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uniformly distributed, the weight limi-t applies to the heavier lift point.
Where three or more persons are lifting simultaneously, not more than 75
percent of the one-person value my be added for each additional lifter,
provhled that the object lifted is sufficiently large that the lifters do not
interfere with one another while lifting. Where it is not possible to define
the height to which an object will be lifted in operational use, the limit
wherein the object is lifted to shoulder height shall be used rather than the
more permissive bench height value. The values in Table XXIII are applicable
to objects with or without handles.

TABLE XXIII. DESIGN WEIGHT LIMITS

HANDLING FUNCTION Male and Female

A. Lift an object from the floor and place 16.8 37
it on a surface not greater than 1.525 m
(5 ft) above the floor.

B. Lift an object from the floor and place it 20.0 44
on a surface not greater than 915 mm (36 in.)
above the floor~

c. Carry an object 10 meters (33 feet) or less. 19.0 42

Male Only

m

25.4 56

39.5 87

37.2 82

5.9.11.3.2 Lifting frequency. The equipment weight limits in Table XXIII
are not for repetitive l~ttlng as found, for example, in loading or unloading
transport vehicles. If the frequency of lift exceeds one lift In 5 minutes or
20 lifts per 8 hours, the permissible weight limits shall be reduced by
(8.33xLF) percent, where LF is the lift frequency in lifts per minute. For
example, if the lift frequency is 6 lifts per minute, then the maximum
p%rmlssible weight is reduced by 50 percent (8.33 x 6 = 50).

5.9.11.3.3 Load size. The maximum permissible weight lift limits in Table
XXIV are applicable to an object with uniform mass distribution and a compact
size not exceeding 460 mm (18 inches) high, 460 mm (18 inches) wide, and
300 mm (12 inches) deep (away from the lifter.) This places the hand holds at
half the depth, or 150mm (6 inches) away from the body. If the depth of the
object exceeds 610 mm (24 inches) the permissible weight shall be reduced by
33 percent. If the depth of the object exceeds 910 mm (36 inches), the
permissible weight shall be reduced by 50 percent. If the depth of the object
exceeds 1.220 m (48 inches), the permissible weight shall be reduced by
66 percent.

5.9.11.3.4 Obstacles. The values in Table XXIII assume that there are no
obstacles between he person lifting and the shelf, table, bench or other
surface on which the object is to be placed. Where there is a lower
protruding shelf or other obstacle limiting the lifter’s approach to the
desired surface, the weight limit of the object shall be reduced by 33 percent
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for an obstacle protruding 300 mm (12 inches), 50 percent for an obstacle
protruding 460 mm (18 inches), and 66 percent for an obstacle protruding
610mm (24 inches). If the allowable weight must be reduced by both oversize
load considerations (paragraphs 5.9.11.3.3) and the obstacle considerations,
only the more restrictive single value shall apply; two reductions shall not
be applied.

5.9.11.3.5 Carrying limits. The weight limit in Table XXIII condition C
shall be used as the maximum value in determining the design weight of items
requiring one person carrying of objects a distance of up to 10 m (33 feet).
The maximum permissible weight for carrying also applies to an object with a
handle on top, such as a tool box, which usually is carried at the side with
one hand. Double this weight carrying limit shall be used as the maximum
value in determining the design weight of items requiring two-person carrying,
provjo~ci the load is un~fom]y distrib~ted betweefl the twc carriers. ~hef’~
three or more persons are carrying a load together, not more than 75 percent
of the one-person value may be added for each additional person and provided
that the object is sufficiently large that the workers do not interfere with
one another while carrying the load. In all cases involving carrying, it is
assumed that the object is first lifted from the floor, carried a distance of
10 m (33 feet) or less, and placed on the floor or on another surface not
higher than 915 mm (36 inches). If the final lift is to a higher height, the
1.525 m (5 foot) lift height applies as the more limiting case.

5.9.11.3.6 Carrying frequency. The reduction formula expressed in
paragraph 5.9.11 shall be applied to repetitive carrying in the same
manner as for re~ tive lifting.

5.9.11.3.7 Object carry size. The reduction formula expressed in paragraph
5.9.11.3.3 shall be applied to size of objects to be carried in the same
manner as for load size.

5.9.11.3.8 User population. Unless otherwise specified by the procuring
activity, the values In Table XXIII for Male and Female Population shall apply
to any object to be lifted or carried manually. Where the procuring activity

specifies that the object is to be lifted or carried only in a combat
environment, the Male Only Population will be applied.

5.9.11.3.9 Labelin
+’

Items weighing more than the one-person lift or carry
values for Male and emale Population of Table XXIII shall be prominently
labeled with weight of the object and l“ift limitation, i.e., mechanical or
two-person Iift,-three-person- lift, etc. Where mechanical or power lift is
required, hoist-and lift points shall be provided and clearly labeled.

5.9.11.4 Push and pull forces.

5.9.11.4.1 Horizontal. Manual horizontal push and pull forces required, to
be applied initially to an object to set it in motion or to be sustained over
a short period of time, shall not exceed the values of Table XXIV, as
applicable, or those given in Figure 21, if more appropriate to the force and
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movement characteristics of the task. The values shown in Table XXIV apply to
males only and should be modified for females. (Two-thirds of each value
shown is considered to be a reasonable adjustment.) Use of the maxima shown
in Table XXIV is predicated upon a suitable surface for force exertion, i.e.,
vertical with rough surface and be approximately 400 mm (16 inches) wide
between 0.510 and 1.270m (20 and 50 inches) above the floor to allow force
application with the hands, the shoulder or the back (see Figure 46).

5.9.11.4.2 Vertical. Manual vertical push and pull forces required shall
not exceed the applicable fifth percentile peak or mean force values of
Table XXV, or those given in Figure 21, if more appropriate to the force and
movement characteristics of the task.
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TABLE XXIV.HORIZONTAL PUSH AND PULL FORCES EXERTABLE
lNTERM17TEhlTLY OR FOR SI-IORT PERIODS OF TIME (MALE PERSONNEL)

HORIZONTAL
FORCE*; CONDITION

AT LEAST APPLIED WITH*” (p: COEFFICIENTOF FRICTION)

IOON (25 lb) both handsor one with low traction
pushor pull should- or tha back 002<-U <0.3

200N 0!6 lb) both handsor one with madium traction
pushor pull shouideror the back P -0.6

250N (55 lb) one hand if bra=d against● vertiai -II
push 510-1525 mm (ZCP60 in) from ●nd

wallel to tha push panel

300N (70 lb) both handsor ona with high traction
pushor pull shouldaror tha back y >0.9

5(MN (110 lb) both handsor ona if brad against a vartical wall

push or pull ShOUtif or the back 510-1760 mm (-70 im) from and
pardlal to tha gmrto{

or
if ●nchoring tha faat on a parfectlynonslip
ground (Iika a footrast)

750N (165 lb) tha tmck if braoedagainst a vartiad wall

push {600-1 100 mm) (2343 in.) from ●nd
~ralbl to the push panel

or
if anchoring tha faat on a perfectly nonslip
ground (Iikoa footrast)

“May ba doublad for two and tripled for thraaoparators pushingsimultaneously.
For tha fou~h and aaclt additional operator, not mora than 75%of that push
capability should ba added.

—
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LWU/MEDIUM/HiGH TRACnON

—
n

—-

,

— —— ——

..—

a

USE OF FOOTREST

—.—

I

— —.

BRACED AGAINST VERTICAL WALL
-..— —

—.

—.

A---

FIGURE 46.

B

— .. .

—.

—.—

------ — — .— - -— —

EXAMPLES OF PUSH FORCE CONDITIONS FOR
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TA131E XXV STATIC IWJSCLE STRENGTI+DATJ$

PERCENTILE VALUES IN NEWTONS

5th PERCENTILE 95th PERCENTILEI
STRENGTH MEASUREMENTS MEN WOMEN MEN WOMEN

(SEE FIGURE 471
1

A STANDING TWO-HANDED PULL:
36 cm LEVEL

MEAN FORCE 331 13sa 818
PEAK FORCE 397 1437

B STANDl!UG IWO-HANDED PULL:
50cm LEVEL

MEAN FORCE 1342 641
PEAK FORCE 631 374 1442

C STANDING TWO-HANDED PULL:
100 cm LEVEL

MEAN FORCE 165 931

PEAK FORCE 218 966 493

D STANDING IWO-HANDED PUSH:
150cm LEVEL

MEAN FORCE 153 1017 360

PEAK FORCE 473 166 1094 430

E STANDING ONE-HANDED PULL
100 cm LEVEL

MEAN FORCE 215 la 626

PEAK FORC~ 132 724 322

F SEATED ONE-HANDEDPULL:
CENTERLIIUE,46 cmLEVEL

MEAN FORCE 106 676 392

PEAK FORCE 127 451

G SEATED ONE-HANDEDPULL:
SlDE,45cmLEVEL

MEAN FORCE 240 109 337

PEAK FORCE 273 134 669 395

H SEATED 7W0-HANDEDPULL:
CENTERLIIUE,36 cmLEVEL

MEAN FORCE 242 lm no
PEAK FORCE 699 1324 642

I SEATED IWO-HANDEDPULL:
CENTERLINE,50 cmLEVEL

MEAN FORCE 1062 632
PEAK FORCE 1169 697
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TABLE XXV STATIC MUSCLE ~RENGTH DATA

STRENGTH MEASUREMENTS
(SEEFIGURE 47)

A STANDING ~O-HANDEDPULL:
15 im LEVEL

MEAN FORCE
PEAK FOF?CE

B STANDING IWO-HANDEDPULL:
20 im LEVEL

MEAN FORCE
PEAK FORCE

C STANDING IWfO-HANDEDPULL:
39ht. LEVEL

MEAN FORCE
PEAK FORCE

D STAIUDINGIWO-HANDEDPUSH:
59 im LEVEL

MEAN FORCE
PEAK FORCE

E STANDING ONE-HANDEDPULL:
39im LEVEL

MEAN FORCE
PEAK FORCE

F SEATED ONE-HANDEDPULL:
CENTERLINE,18 imLEVEL

MEAN FORCE
PEAK FORCE .

G SEATEDONE-HANDED PULL:
SIDE.18irb LEVEL

MEAN FORCE
PEAK FORCE

H SEATED~O-HANDEDPULL:
CENTERLINE,15 imLEVEL

MEAN FORCE
PEAK FORCE

1 SEATED ~O-HAIUDEDPULL:
CENTERLINE,20 in. LEVEL

MEAN FORCE
PEAK FORCE

PERCENTILEVA

5thPERCENTlLE
MEN WOMEN

166

180

In
187

100
113

92
108

48
58

51
61

54
61

134
1s7

118
134

199

74
88

73
84

42
48

34
42

a
30

24
29

25
30

54
84

46
53

JESIN POUNDS

95thPERcENTlLt
MEN

304
323

302
324

246

141
163

152
170

136
148

274

237

WOMEN

184

188

100

1?1

85
97

64
72

88
101

76
88

173
188

142
157
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A. STANDING IWO-HANDED PULL: 38cm (15”) LEVEL

STANDING WITH FEET 45 cm {18”) APART AND KNEES
BENT. BENDING AT WAIST, GRASPING BOTH
SIDES OF 45 um (lB”) LONG HANDLE LOCATED DIRECTLY—.—--
IN FRONT, 3B cm (1S”) ABOVE STANDING SURFACE,
AND PULLING, USING PRIMARILY ARMS, SHOULDERS
AND LEGS.

----

FIGURE 47, STATIC MUSCLE STRENGTH DATA

.m.-. n* nr-ntrlfln an =llr TrlT-1/.!l 1; IV {.111 TI LU LJUIIIU UI “. ,“ .!.,--- ----

B. STANDING lWO-HANDED PULL: 50 cm (20”) LEVEL
STANDING WITH FEET 4S cm(18”) APART AND KNEES
STRAIGHT. BENDING AT WAIST, GRASPING BOTH
SIDES OF 4S cm (18”) LONG HANDLE LOCATED DIRECTLY-— . .——.. ..——
IN FRONT, 50 cm {20”) ABOVE STANDING SURFACE,
AND PULLING, USING PRIMARILY ARMS AND
SHOULDERS.

C. STANDING ‘JWO-HANDED PULL: 100 cm (39”) LEVEL
STANDING ERECT WITH FEET 45 cm (1%’) APART,
GRASPING BOTH SIDES OF 45 cm (1S”) LONG HANDLE
LOCATED DIRECTLY IN FRONT, 100 cm (39’) ABOVE
STANDING SURFACE, AND PULLING, USING THE
ARMS.

, _ll_. _& -*l+
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D.~ANOJNG TWQ-H~NDEDPUSH: 150cm(=’’) LEVEL

STANDING ERECT WITH FEET 45 cm (1S”) APART, GFI&PING-.—.
FROM 8EL-, BOTH SIDES OF 45 cm [1S”) LONG HANDLE
LOCATED DIRECTLY IN FRONT, 150 cm (59”) ABOVE
STANDING SURFACE. PUSHING UPWARD USING ARMS
AND SHOULDERS.

..

E. STANDING ONE-HANDED PULL: 100 cm (39”) LEVEL

STANDING ERECT WITH FEET 15 mn (6”) APART,
~lNANT HAND GRASPING UNDERSIDE OF
D-RING LOCATED Of RECTLY TO THE SIDE,
Im un (3S’) ABOVE STANDING SURFACE PULLING
UPWARD Wttt LE KEEPING SHOULDER SQUARE
ANO OTHER ARM RELAXED AT SIDE.

xl! F. SEATED ONg-HANOED PULL: SEAT CENTERLINE
46 an (1S”) LEVEL/
Sill’lhJG ERE~ WITH FEET 55 cm (22”) APART,
DOMINANT HAND Gf3ASflNG UNDERSIDE OF D-
RING LOCATED DIRECTLY TO THE FRONT, 4Sun
(18”) ABOVE Tf+E FLOOR. pULLING UPWARD WHILE
KEEPtNG SHOULDERS SQUARE AND OTHER ARM
RESTING IN LAP,

u FIGURE 47. STATIC MUSCLE

(CONTINUED)
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u

GSEATED ONE-WNDEO PULL: SIDE OF SEAT,
45 cm (1S”) LEVEL

SJITING ERECT WITH FEET 55 cm (27) APART,
DOMINANT HAND GRASPING UNDERSIDE OF
D-RING LOCATED A SHORT DISTANCE TO
SIDE. 4S m (l&’) ABOVE THE FLOOR PULLING
UfWAflD WHILE KEEPING SHOULDEf=
SQUARE AND OTHER ARM RESTING IN UP.

H. SEATED TWO-HANDV w~ .

SEAT. 3S em (15”) LEVEL

S8T71NG ERECT WITH FEET 56 an (22”) APART. BENDING
SLIGHTLY AT WN$T, GRASPtNG BOTH SIDES OF
16 un (~) LONG HANDLE LOCATED 01 RECTLY T~ THE
FRONT, 3S cm [1~) A~vE ~E FL~Ro WLLING
UPWARD, USING ARMS AND SHOULDERS, KEEPl*G
AR= OFF THIGHS.

1.

FIGURE 47.

SEATED IW-NDED PULL: CENTERLINE OF
kATt ~ - ~’) LEVEL

SITING ERE~ WITH FEET 56 m ~) APART. BENDING
SLIGHTLY AT WAIST, GRASPING BOTH N DES OF
15am {6’) LONG HANDLE LOCATED O~RE~LY TO THE
FRONT, 50cm ~) ABOVE THE FLOOR PULLING
UPWARD, USING ARMS AND SHOULDERS, KEEPING
ARMS OFF THIGHS.

SrATIC MUSCLE
(CONCLUDED)

STRENGTH DATA
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5.9.11.5 Handles and grasp areas.

5.9.11.5.1 General. All removable or carried units designed to be removed
and replaced s~ provided with handles or other suitable means for
grasping, handling, and carrying (where appropriate, by gloved or mittened
hand). Items requiring handling should be provided with a minimum of two
handles, or one handle and one grasp area. Items weighing less than 4.5 kg
(10 lbs) whose form factor permits them to be handled easily shall be exempt
from this requirement unless specifically directed by the procuring activity.

5.9.11.5.2 Location. Whenever possible, handles, grasp areas, or hoist
points shall be located to preclude uncontrolled swinging or tilting when
1ifted. They shall be located to provide at least 50 mm (2 inches) of
clearance from obstructions during handling. The location of handles shall
not interfere with installing, removing, operating or maintaining the
equipment.

5.9.11.5.3 Nonfixed handles. Nonfixed handles (e.g., hinged or fold-out)
shall have a stop position for holding the handle perpendicular to the surface
on which it is mounted and shall be capable of being placed into carrying
position by one hand (where appropriate, by gloved or mittened hand).

5.9.11.5.4 Grasp surface. Where an item’s installation requires that its
bottom surface be used as a handhold during removal or installation, a nonslip
grasp surface (e.g., grooved, knurled, or frictional) shall be provided.

5.9.11.5.5 Handle dimensions. Handles which are to be used with mittened,
gloved, or ungloved hands shal~ equal or exceed the minimum applicable
dimensions shown in Figure 48.

5.9.11.5.6 Handle and grasp area force requirements. Force requirements to
operate handle and grasp areas other than controls covered by paragraph 5.4
shall not exceed the values in Figure 21.

5.9.11.5.7 Handle material. Handles or grasp areas used with bare hands
should have surfaces that are not thermally (see 5.13.4.6) or electrically .
conductive. The surface shall be sufficiently hard to prevent imbedding of
grit and grime during normal use.

5.9.12 Mountirt~.

5.9.12.1 General. Equipment configuration shall preclude improper
mounting.

5.9.12.2 Tools. Field removable items shall be replaceable by using only
common hand ~.

5.9.12.3 Removal. Replaceable items should be removable along a straight
or slightly ~Une, rather than through an angle.
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I DIMENSIONSIN mm {inhuhs]

ILLUSTRATION TYPE OF T
HANDLE (Bare Hand) (Gloved Hand) (Mltte~d H~d}

XYZ XYZ XYZ

P

‘T Two-finger bar 32 65 7S Not Appttcabie

0-1/4 }(~112) (3) (1-7R) z ;)

+>
one-hand bar 50 12s 100 7s 135 150

(l-%(a) G (2} {5) (4) (3)(s1/4) (6I

</ i,/ ‘
Y

Two-hand bar 2?5 7s 50 270 100 75 280 150
(I?m) (6-1/2) (3) (2) (lG1/2) (4) (31 (11) (61

a

<
v

Lo\

T-taBr 38 100 75 50 115 100 Not Applicable

4,’ f
(1-1/2) M) (3) (2) (4-1/2) (4)

Y

o
7

T

b

‘> v

Y J-bar 50 100 75
<

50 115 100 75 125 150

;
\

(2) (4) (3) (2) (4-1/2) (4) (31 (5) (6)
i

Y

.

e

I Two-finger r-s Not Applt~kle
o kl-;;4)(26!/2) ; (1?:/2) c) P)

B h One+md reass 50 110 ~ 90 135 1~ 125
++ < (21 (41/41 (3-1/2) (3-1/2)(51/4) (4) (?1/21’(?1 /4) (s)

F
z
Y

Firtger=tip re~s - 13 Not Appli~ble

+---

w

(Y4) (In) ;7 (Y4)
1

\’. -
. One-finger recess 32I - 50 Not A pplicsble

{1-1/41 (2) [%2) - t)

curvature of Handle

or Edge Wetght of Item Min~rnum Diameter

(OOES NOT
~ W 6.8 kg (UP to 15 Ibt) D“6mm(Ysln) Grlopmq eff~~~ ts best
6.8 to 9.0 kg (15 to 20 Ihs) D- 13 mm {7’z tn) If ftnger can curl ●round

PRECLUDE .
9.0 to 18 kq (20 to 40 Ibs) D-19 rnnt (X Ifi) handle or edge to ●ny

USE OF Over 18 kg (over 40 lbs~ D 25 mm (1 In) ang~. of $ T rad (1200)
OVAL HANDLES) T-bar Pos[ T-13mm (X m) or mom.

s

-

—

..

FIGURE 48= M~NIMuM HANDLE DIMENSIONS
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5.9.12.4 Alignment. Items which must be precisely located or which
incorporate rack and panel connectors shall utilize guide pins or their
equivalent to assjst in alfgment during mounting.

5.9.12.5 Coding. Coding by such means as color or labels shall identify
the correct Item and Its proper orientation or replacement. Where required to
expedite field damage repair, wire bundles of more than five wires shall be
label and color coded.

5.9.12.6 Rollout racks, slides or hinges. Items which must be frequently
Dulled out of thew installed Posltlons for inspection or maintenance shall be
mounted on rollout racks, slides, or hinges. Rollout racks mounted in
consoles should not shift the center of gravity to the extent that the entire
rack or console falls. If this possibility exists, the console or rack shall
be safely secured.

5.9.12.7 Limit stops. L~mit stops shall be provided on racks and drawers
which are required to be pulled out of their Installed positions. Rollout
racks and drawers shall be self-locking in the retracted and extended
positions. The limit stop design shall permit convenient overriding of stops
for rack or drawer removal. Unlocking of self-locking prov~sjons should be
accomplished by one hand.

5.9.12.8 Interlocks. Interlocks shall be provided to ensure disconnection
of equipment that would otherwise be damaged by withdrawal of racks or
drawers. Equipment design should obviate the need for interlocks.

5.9.12.9 Htnged mounting. Hinged items shall be provided with a brace or
other means of support to hold equipment in the “out” position for maintenance
if it is not free to rotate and remain in the “out” position without support.

5.9.12.10 Lay-out. Units shall be laid out so that a minimum of
place-to-place movements will be required during checkout.

5.9.12.11 Covers or panels. Removal of any replaceable item shall require
opening or removing a minimum number of covers or panels.

5.9.13 Conductors.

5.9.13.1 Codin~. Cables containing individually insulated conductors with
a common sheath shall be coded. The coding should be repeated every 300 mm
(12 in.) along their entire length.

Unless wiring ducts or conduits are used,
50’”1302 w“ )mechan~cally not a eslvely mounted cable clamps shall be provided to ensure

correct routing of electrical cables within and between equipment items to
ensure that cables do not htnder or obstruct equipment maintenance and to
facilitate the mating of cables with their associated equipment items, and to
prevent chaffing due to contact with adjacent structure.
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5.9.13.3 ~eng~h. Cables shall be long enough so that required checking of
any functioning Item can be accomplished in a convenient place. Extension
cables shall be provided where this is not feasible.

5.9.13.4 Cable routin~. Cable routing shall not obstruct visual or
physical access to equipment for operation or maintenance.

5.9.13.5 Access. Cables shall be routed so as to be accessible for
inspection a-ntenance.

5.9.13.6 Susceptabilitv to abuse. Cables shall be routed or protected in
such a way that they may not be pinched by doors, lids, etc., walked on, used
for hand holds, or bent or twisted sharply or repeatedly.

5.9.13.7 Cable protection. Hhen cables must pass over or through sharp
edges, insulation shall be protected from fraying or other damage by grommets
or equivalent means. Where required, cables shall be wrapped or sealed for
NBC survivability.

5.9.13.8 Identification. Cables shall be labeled to indicate the equipment
to which they belong and the connectors with which they mate. All replaceable
wires and cables shall be uniquely identified with distinct color or number
codes in accordance with MIL-STD-681.

5.9.14 Connectors.

5.9.14.1 Use of quick disconnect pluqs. Plugs requiring no more than one
turn, or other quick- dlsconnect plugs, shall be provided whenever feasible.

5.9.14.2 Ke in
-W*

Plugs shall be so designed that it will be impossible to
insert a wrong p ug into a receptacle.

5.9.14.3 Identification. Marking of electrical connectors shall conform to
Requirement 67 of MIL-STD-454. Electrical plugs and receptacles shall also be
identified by color, shape, size, or equivaien; means to facilitate
identification when multiple, similar connectors are used in proximity to each
other.

5.9.14.4 Alignment. Plugs and receptacles shall be provided with aligning
pins, keyways, or equivalent devices to aid in alignment and to preclude
inserting in other than the desired position.

5.9.14.5 Aligning pins and keyways. The configuration of aligning pins,
keyways and other equivalent devices shall insure that alignment is obtained
before the electrical pins engage and contact is made.

5.9.14.6 Orientation. Pluqs and receptacles shall be arranqed so that the
aligning pins, keyways, or equivalent devices are oriented in ~he same
relative position.
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5.9.14.7 Codinq. Plugs and receptacles shall have durable strips, arrows,
or other indications to show the positions of aligning pins or equivalent
devices for proper insertlor?.

5.9.14.8 S acln
w“

Connectors shall be spaced far enough apart so that they
can be graspe mnly for connecting and disconnecting. Space between
adjacent connectors, or between a connector and any adjacent obstructions,
shall be compatible with the size and shape of the plugs, and the type of
clothing worn by the maintainer (e.g., cold weather handwear, NBC gloves), but
shall be not less than 25 mm (1 inch). except where connectors are to be
sequentially removed and replaced and 25 mm” (l”) clearance is provided in a
swept area of at least 1.5 ~rad (270°) around each connector at the start of
its’removal/replacement sequence. Spacing shall be measured from the
outermost portion of the connector, i.e., from the backshell, strain relief
clamp, dust cover or EPII/RFI shield. Where high torque is required to tighten
or loosen the connector, space shall be provlcled for use of a connector
wrench.

5.9.14.9 Testing and servicin~. The rear of plug connectors shall be
accessible for test~ng and sewicing, except where precluded by potting,
sealing, or other requirements.

5.9.14.10 Drawer modules. Drawer modules designed for “remove and replace”
maintenance shall be provided with connectors mounted on the back of the
drawer and mated with-connectors in the cabinet to accomplish electrical
interconnection between the drawer, other equipment in the rack and external
connectors, where feasible. Guide pins or equivalent devices shall be
provided to aid in alignment.

5.9.14.11 Electronic modules. Replacement electronic items (e.g., modules
and high-failure-rate components) should be provided with simple plug-in,
rack-and-panel type connectors.

5.9.14.12 Disassembly and adapters. Disassembly of connectors to change
pin connections should be performed without special tools. When adapters are
required, they shall be capable of being hand-tightened.

5.9.14.13 Protective covers. If protective covers are required, captive
types shall be used.

5.9.15 Test Doints.

5.9.15.1 Adjustment. Test points shall be Tocated sufficiently close to
the controls and displays used in the adjustment so that maintainer
place-to-place movement is not required during the adjustment process. Test
points for adjustment shall be physically and visually accessible in the
installed condition by the maintainer without removing other items.

5.9.15.2 Trouble-shootinq. Sufficient test points shall be provided so
that it will not be necessary to remove subassemblies from assemblies to
accomplish trouble-shooting.
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5.9.15.3 Marking and color coding. Marking and color coding shall conform
to rlIL-sTD-415.

5.9.16 Test equipment.

5.9.16.1 Storage. Adequate storage space shall be provided within portable
test equipment, its handling case, or lid to contain leads, probes, spares,
manuals, and special tools, as required for operation.

5.9.16.2 Instructions. Instructions for operating portable test equipment
shall be provided on the face of the test equipment, in a lid, or in a special
compartment. Instructions shall be directly readable while test equipment is
being operated. Periodic calibration records including tolerance check values,
shall be placarded on the equipment where appropriate. Where applicable, the
instructions shall include a reminder to calibrate the equipment and
calibration procedures.

5.9.17 Failure indications and fuse requirements.

5.9.17.1 Indication of equipment failure.

5.9.17.1.1 Power failure. An indication shall be provided to reveal when
power failure occurs (see 5.2.2.1.4). All mission essential electronic
comuter and Peripheral components which are part of a system shall
incorporate an automatic self-check diagnostic of software and hardware at
power up and at the request of the operator to assure they are functioning
properly.

5.9.17.1.2 Out-of-tolerance. A display shall be provided to indicate when
an equipment item has failed or is not operating within tolerance limits.

5.9.17.1.3 Critical malfunctions. If equipment is not regularly monitored,
an audio alarm shall be provided to indicate malfunctions or conditions that
would cause personnel injury or equipment damage. If auditory alarm would
compromise covert operation of equipment, alert shall be a visual display.

5.9.17.2 Fuses and circuit breakers.

5.9.17.2.1 General. A positive indication shall be provided to reveal that
a fuse or circuit breaker has opened a circuit.

5.9.17.2.2 Replacement and resettin~. Fuses shall be readily accessible
for removal and replacement. No other components shall require removal in
order to gain access to fuses. No special tools shall be required for fuse
replacement unless required by safety considerations. Men resetting of
circuit breakers is permissible, and is required for system operation during a
mission, the breakers shall be located within reach of crew members in their
normal operating posture. .

5.9.17.2.3 Markings. Equipment served by the fuse or circuit breaker shall
be identified in accordance with section 5.5. The current rating of fuses
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shall be permanently marked adjacent to the fuse holder. In addition,
“SpARE” shall be marked adjacent to each spare fuse holder. Fuse ratings
shall be indicated either in whole numbers, common fractions (such aslfd A), or
whole numbers and common fractions (such as 2hA). Labeling of fuses and
circuit breakers shall be legible in the anticipated ambient illumination
range for the operator’s location.

5.9.17.2.4 Circuit breaker controls. Toggle bat and legend switch actuated
circuit breakers may be used to control electrical power. Push-pull type
breakers shall not be used as power switches.

5.9.17.2.5 Circuit breaker dimensions and separations. Dimensions and
separation for toggle bat actuated breakers should comply with Figure 13.
Legend switch actuated breakers should comply with the dimension and
separation criteria shown in Figure 14. Push-pull actuated circuit breaker
separation should comply with Table XI.

5.9.18 Printed circuit boards. Printed circuit boards shall be designed
and mounted for ease of remova1 and replacement, considering such factors as
finger access, gripping aids and resistance created by the mounting device.
Appropriate feedback shall be provided to insure that the technician knows
when the board is securely connected. Printed circuit boards shall be
identified in accordance with ?lIL-STD-130 and reference designations for parts
mounted on the printed circuit board shall be provided in accordance with
MIL-STD-454, Requirement 67.
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5.10 Design of equipment for remote handling.

5.10.1 Characteristics of equipment to be handled remotely.

5.10.1.1 Alignment. Self-alignment devices shall be provided for
components which must be joined remotely.

5.10.1.2 Disconnect. Quick-disconnect devices shall be provided to reduce
remot~-handl~ng dlff iculties.

5.10.1.3 Fasteners. All fasteners shall be captive and readily replaceable
by remote-handling techniques.

5.10.1.40 Lock and latching mechanisms. Each lock or latching mechanism
shall be operable from a single point, have a positive catch, and provide a
clear visual indication of the latch pos~tion.

5.10.2 Feedback. Provision shall be made for transmitting information from
remote work areas to the operator of the remote-handling system. Visual
information shall be regarded as most critical, followed, in order, by
kinesthetic, tactual, and auditory feedback.

5.10.3 Manipulators.

5.10.3.1 Safet
+“

Power manipulators shall be provided with positive stops
to prevent accl entse

5.10.3.2 Characteristics. For tasks which require manipulative dexterity
and load capacities of less than 10 kg (22 lb) manipulators with the following
characteristics should be provided:

a.
control

b.

c.

Position control (i.e., zero-order control in which the operator’s
output directly determines the machine output).

Mutual force reflection between control and effecter.

Seven deqrees of freedom in motion and force control (i.e., three for
translation, thr;e for rotation, and one for gripping).

5.10.3.3 Power assist. For tasks involving gross positioning of loads
heavier than 10 kg (22 lb), electrically or hydraulically powered manipulators
with rate control should be provided (i.e., the operator’s control output
directly determines the rate of change of the machine output).

5.10.4 Viewing equipment.

5.10.4.1 General. A view~ng system shall be provided which gives the
operator of a remote manipulator adequate information with respect to the
three spatial coordinates of the workspace (i.e., X, Y, and Z).
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5.10.4.2 Direct viewin
~“

When permitted by shielding requirements,
provision sha be made or the operator to view the work directly through
shielding windows.

5.10.4.3 Viewin
+’

In order to avoid distortion, requirements shall
be minimized ~rect v~ewing of objects either near the viewing window or
at line-of-sight angles at incidence greater than 60 degrees.

5.10.4.4 Indirect viewing. Applicable viewing systems, such as closed
circuit television systems, periscopes, and microscopes, shall be provided to
supplement direct viewing, where required by specific remote-handling
situations.

5.10.4.5 Codin
+“

Symbol-or pattern-coding should be used in preference to
color-coding or television viewing.

5.10.4.6 Lettering. Letters, numbers, and important details which must be
viewed by means of television shall be light against a dark background.
Glazed or reflecting surfaces shall be avoided.

5.10.4.7 Stereo viewin
TH7!?-+”

The two images produced by a stereoscopic
periscope sha er more than 2% in magnification or 0.50 prism diopter
in vertical imbalance. Horizontal imbalance shall be not greater than 0.50
prism diopter so as not to be fatiguing. Light transmittance of the two
optical paths should be within 10% of each other.

5.10.5 Illumination.

5.10.5.1 Reflected light. Lighting provided in remote work areas shall be
such that reflected light, as measured at the operator’s work station (in
direct viewing), will conform with the requirements of this standard, or as
otherwise specified by the procuring activity.

5.10.5.2 Threshold viewinq. Monochromatic lighting should be provided when
viewing conditions are near threshold, when high magnification powers are
required, or when the operator is required to view the work at high angles of

incidence through refractive materials.
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5.11 Small systems and equipment.

5.11.1 Portability and load carrying. Individual portions of equipment
shall be des~gned so that, when carrleci, the weight of the load will be
distributed through as many muscle groups as possible. Pressure should be
avoided or minimized on sensitive areas, including large blood vessels, nerves
and areas lacking muscular padding. Design of load-carrying systems shall
consider the weight and distribution of individual items to be carried by the
user. The weight of the items to be carried varies according to the climatic
zone, mission to be performed, end occupational specialty. See Table XXVI
for weights of representative individual items that an infantry rifleman
carries in temperate hot ~ather areas. Load carrying systems shall be
provided with a quick-release capability.

5.11.1.1 Portability.

5.11.1.1.1 Wel ht.
+

Individual portions of equipment may weigh up to 16 kg
(35 lb) if the oa IS balanced and is distributed over many muscle groups and
it is not necessary for the individual carrying the load to maintain the pace
of an infantry movement.

5.11.1.1.2 Liftinq aids. When necessary, lifting aids shall be provided to
permit a second person to assist the porter in placing the load on the body.

5.11.1.1.3 Configuration. The load should be designed to permit freedom of
movement. The shape of the load should be free of sharp edges or projections
that may be harmful to the porter or snag on undergrowth. The shape and weight
of the load should not interfere with:

a. The length of step.

b. Movements of the head.

c. The ability to raise and lower the load when going over obstacles.

d. The ability to see where the feet are placed when walking.

e. The ability to squat.

f. Regulation of body temperature.

9* The maintenance of normal posture.

5.11.1.1.4 Carrying by two persons. Where the load is designed for
carrying by two persons, a combination of stretcher type handles and shoulder
support should be used, if feasible.

5.11.1.1.5 Standardization. Maximum use should be made of standard load
carrying systems or components.
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TABLE XXVI , TYPICAL FIGHTING AND EXISTENCE LOADS (TEMPERATE ZONE)

APPROXIMATE WEIGHT I

LOAD KILOGRAMS POUNDS

FIG14TIOJG LOAD

CLOTHING:

PASGT Helmet 1.36 3JM
Batie Dress Uniform 1.73 3.81
PASGT Vest 3.86 8S
Underwaar (Summar) and Socks 0.27 0.60
Ealt; waist, web w/buckIe O.m 0.20
Boots, Iaadwr (DMSI 1.52 3.36

SJJ3 19.47

EQUIPMENT:

Rifle M16A1 w/30 rd magazina and sling 3.59 7.91
Ammunition pouches (2 ea) w/180

rounds in 6 magazines 3.21 7.07
Handgranadas2 aa Q91 200
LAW 2 ea Or ILAW 1 ea 336 8.50
Cantaan 1 qt filhd w/uJp and =ver 1.63 3.60
Cantaan 1 qt filled w/cov.r 1.36 3.00
Watar purification tabiuts 0003 0.06
Indivkhmi oqipnnnt WL first aid

packat wbso and suspenders ~72 1.s9
Entrenching toolw/carrier 1.14 252
Bayonat M7 w/scabard 0.59 1.30
Mask CB %Ot8tiV0 W/hOOd 1.35 297
Poncho 0.77 1.70

19.25 4222

EXISTENCE LOAD:

ALICE Pack rnadium w/straps 1.12 246
Chamicd Protmtive ovargarrnmt

w/glovas atd boots 261 5.75
Cap, utiliW 0.10 042
lJndarwawand socks, 2 ea 0s4 1.20
Pafsond Hygiene Kit 1.20 264
Rations MCRE 3 ea 1.33 294
Bc~ Skepi~ intarmediata cold 3940 7.50
Mattqtss, pnaumatic instdatad 1.59 I 3.50
Jackat Fi.ld, 1 ea w/@ovas,leathar

w/wooi ins- 1 pr 1.94 4.28
Bag#Wmarproof 1 ●8 0.34 0.75

14.17 31.24
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5.11.1.2 Transportability by personnel . Systems which include a
requirement for transportability by personnel shall conform to the following
provisions:

5.11.1.2.1 Weight. Individual portions of equipment should be designed to
weigh as little as possible if the system is to be manually transported by an
individual on foot while maintaining pace with an infantry movement.

5.11.1.2.2 Load carryin~. The total load carried by an individual,
includinq clothlnq, weapons and equipment for close combat operations should
not exce=d 30% of-body weight and; for marching, 45% of body weight. Where
personnel with 5th percentile body weight must be accommodated, the total load
for close combat operations should not exceed 16.3 kg (36 lb) and, for
marching, 24.5 kg (54 lb).

5.11.1.2.3 Lifting aids.

a. Units for which no back-packing aids are required shall be equipped
with handles suitable for two-handed lifting and carrying.

b. The provisions of sections 5.9.11.5.1, 5.9.11.5.3, and 5.9.11.5.5
shall apply.

c. One-person back-packed loads over 20 kg (44 lbs) shall be designed,
and, if necessary, provided with liftlng aids to permit a second person to
assist the porter in placing the load on the body.

5.11.1.2.4 8ack-packinq aids. Back-packing aids shall be designed to
distribute the load over as many muscle groups as possible by means of buttock
and hip supports in addition to padded shoulder straps. Backpacking aids
shall be designed to bring the center of gravity of the load as close to the
porter’s spine at the waistline as possible, without any part of the load

actually contacting the body. Load-carrying design shall minimize application
of pressure or compression to the chest or armpits and eliminate local strain
by transmitting weight to the ground through bone. Aids shall not produce
laterally unbalanced loads, interfere with normal head movements, limit
squatting, interfere with walking or climbing over low obstacles, interfere
with movements of the shoulder girdle, produce strain on the shoulder muscle
or interfere with regulation of-body te~perature.

5.11.1.2.5 Projections. Loads shall be designed with a minimum of
projections to prevent injury to personnel or entanglement in undergrowth.
Covers or cases may be provided to meet this requirement, as specified by the
procuring activity.

5.11.1.2.6 Standardization. See 5.11.1..1.5.

5.11.2 Tracking.
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5.11.2.1 Gunner environment. Obscuration, shock and vibration should be so
minimized as to permit resumption of tracking rapidly after firing, where
required.

5.11.2.2 Crank size. The size of tracking cranks, where used, shall be a
function of rotation speed required. Within the parameters of Figure 10,

a. Maximum speed should be between 140 to 200 RPM.

b. Crank radius should be between 55 mm (2.2 tn) and 115 mm (4.5 in):

(1) High RPM requirement: smaller crank radius.

(2) Low RPM requirement: larger crank radius.

5.11.2.3 Two-dimensional tracking. A single control should be used for
two-dimensional tracking rather than separate controls for each dimension.

5.11.2.4 Supports. Where a joy stick is used for tracking, a hand, wrist,
or forearm support (as appropriate) should be provided.

5.11.2.5 Compatibility. Movement of the tracking control shall be
compatible with expected or conventional control movements.

5.11.3 ODtical instruments and related eaui~ment.

5.11.3.1 General. This section pertains only to direct-view, visual
optical syst~he information is presented in order that human

capabilities and limitations can be considered in the design, engineering,
operation and maintenance of military optical equipment. Detailed instrument
parameters, characteristics, etc., shall be a function of governing military
applications and user requirements.

5.11.3.2 Visual acconmnodation. Any adjustment of the eyes beyond normal
functional ability shall not be required.

5.11.3.3 Viewing angle. Optical instruments shall be oriented so that they
are presented to the operator at an angle comfortable for viewing.

5.11.3.4 Magnification.

5.11.3.4.1 General. Instrument magnification shall be sufficiently high to
permit perform~ the required application, such as detection,
recognition, identification, laying, etc.

5.11.3.4.2 Unstabilized, unsupported handheld sights. Because of hand
tremors and body motion, magnification of ~nstabilized, unsupported handheld
sights should not exceed the following:

-— -—————. . . FE-. B u
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a. Rifle and pistol telescopic sights: 4 power.

b. $lonoculars or binoculars: 8 power.

5.11.3.4.3 Multiple magnification requirements. If more than one
magnification is required, two or more discrete magnifications should be
provided for optimum image quality and boreslght integrity. Varifocal (zoom)
systems should be cortsidered for use only in systems where sighting accuracy
is relatively unimportant and it results in overall simplification.

5.11.3.5 Field-of-view. Field of view shall be compatible with intended
use and optical-mechanical design limitations.

5.11.3.6 Entrance pupil. The entrance pupil shall be equal to the product
of the magnification and the exit pupil diameter and, therefore, defined by
these parameters.

5.11.3.7 Exit pupil.

5.11.3.7.1 General. The diameter of the exit pupil should be consistent
with intended use and size/weight limitations.

5.11.3.7.2 Dayliqht. For daylight application the exit pupil diameter
should not be less than 3 mm (0.12 in).

5.11.3.7.3 Low light levels. For maximizing performance at twilight and
lower light levels, the exit pupil should be not less than 7 mm (0.28 in).

5.11.3.8 Eye relief. A long eye relief e.g., 25 mm (1 in), is ordinarily
desirable for vehicular mounted sights to provide the observer protection from
gun recoil, to observe on the move, and to afford some field-of-view while
wearing a protective mask. The required eye relief depends upon the
particular application, but shall be at least 15 mm (0.6 in) to permit use by
observers wearing glasses, when recoil is not encountered.

5.11.3.9 Eyepiece adjustments.

5.11.3.9.1 4-Power and less. Fixed focus eyepieces set between -0.50 and
-1.00 diopter may be utilized for instruments 4-power and less.

5.11.3.9.2 Over 4-power. Eyepiece dioptric (focusing) adjustments
(-4 to +2 diopters requi red, -6 to +2 diopters desired) shall be provided and
marked in 0.5 diopter Increments on all instruments over 4-power magnification.

5.11.3.10 Optical quality.

5.11.3.10.1 Axial resolution. Axial resolution shall be equal to or better
than 300 urad (1 rein) divided by the magnification to provide an eye-limited
instrument.
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5.11.3.10.2 Luminous transmission. Luminous transmission should be as high
as possible, preferably greater than 50%.

5.11.3.11 Retitles.

5.11.3.11.1 Line thlcknessi Reticle lines shall be thin enough so as not
to obscure targets, but thick enough to be easily seen. Reticle lines should
subtend a minimum of 600 urad (2 rein) at the eye.

5.11.3.11.2 Patterns. Reticle patterns should be as stmple as possible and
restricted to one main mission (e.g., major weapon ballistic scales) per
reticle glass. Additional patterns should be on separate reticle glasses if
added complexity is warranted for the particular application.

5.11.3.11.3 Fonmat. Line retitles should be used jn preference to retitles
containing one, two, or three central spots. A small cross or very small
circle should be used in preference to a dot.

5.11.3.11.4 Parallax. The reticle should be focused to the target range of
primary interes~it the parallax to an acceptable value throughout the
usable range.

5.11.3.12 Illuminated sights and retitles.

5.11.3.12.1 Night operations. Illuminated retitles shall be provided for
sights to be used during twilight or night operations.

5.11.3.12.2 Color. Blue shall not be used as the color of illumination for
retitles or sights.

5.11.3.12.3 Dinsnin~. It shall be possible to gradually lower the luminance
of a sight until it is extinguished.

5.11.3.12.4 Illumination level. The illumination level of a sight (once an
adjustment Is made) shall remain fixed under all conditions of vibration.

5.11.3.12.5 Uniformity. Illuminated sights shall be evenly illuminated by
means of an opal diffuser or similar device.

5.11.3.12.6 Reticle lines. Reticle lines for illuminated sights should be
150 ~rad (0.5 rein) visual anqle or more in thickness. They shall be thin
enough so’as not to obscure ~argets, but thick enough to be easily seen. ln
any case, their thickness should not exceed 600 Mrad (2 rein).

5.11.3.13 Binoculars/bioculars.

5.11.3.13.1 Biocular viewin~. Where continuous use of a sight under low
levels of illumination will exceed one minute, the single optical train shall
be provided with two eyepieces, if this does not lead to unacceptable light
losses.
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5.11.3.13.2 Eyepiece separation. Binocular/biocular instruments should
have an eyepiece separation scaled from 50 to 73 millimeters with one
millimete} interval markings.

5.11.3.13.3 Magnification differences. Magnification differences of the
two barrels should not exceed 2%.

5.11.3.13.4 Luminous transmission differences. Luminous transmission
differences of the two barrels should not exceed 5%.

5.11.3.13.5 Matched oculars. To avoid size differences in the images
supplied to the two eyes, hence eyestrain and headache or both, oculars shall
be matched ~n focal length, i.e., shall be matched pairs.

5.11.3.13.6 Meight. Weight of handheld binoculars/bioculars should not
exceed 1 kg (2.2 pounds) and shall not exceed 1.5 kg (3.3 pounds).

5.11.3.13.7 Size and configuration. Instrument size and configuration
shall be compatible with anthropornetric requirements of 5.6.

5.11.3.14 Eyecups and headrests. Any optical instrument requiring steady
orientation of the eyes shall be provided with a headrest or eyecups, or both.

5.11.3.14.1 Eyecups. Eyecups shall be provided to maintain proper eye
relief, eliminate stray light and, when required, to protect or cushion the
eyes and orbital region against impact with the eyepieces. The radii of
Figure 49 define a surface of revolution within which a satisfactory

symmetrical eyepiece and cup must be designed if interferences with facial
features are to be avoided. These should be applied to cushion forms when
they are compressed to the maximum.

5.11.3.14.2 Heac!rests/browpads. A headrest or brow pad shall be used to
absorb energy which would be inJurious to the operator’s head.

5.11.3.14.3 Compatibility with clothing and personal equipment. Eyecups
and headrests s_hall be compatib le with helmets, protective masks, and other
clothing and personal equipment.

5.11.3.15 Accessories.

5.11.3.15.1 Filters.

5.11.3.15.1.1 General. Light filters, removable from the optical path,
should be provided to reduce glare, light intensity, or protect the observer’s
eyes against hazardous light levels. Provisions should be made for filter
stowage, where applicable.

5.11.3.15.1.2 Use. Use of color or neutral density filters will depend
upon the applicat=. For use in observing bright light sources, neutral
filters should be considered for reducing overall brightness without affecting
contrast. The use of polarizing filters should be considered where is it
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necessary to reduce glare and increase apparent contrast from sun, snow, or
water.

5.11.3.15.2 Shutters. Shutters having closure and reopening times
appropriate for each application may be provided in lieu of fixed filters to
protect the observer exposed to flashes from weapon systems, lasers or nuclear
devices. Shutters for protection from the observer’s own weapon system flash,
which may be actuated just before the weapon is fired, shall not disturb the
lay of the weapon before closing nor unnecessarily impede the observation of
the projectile flight path or resultant impact.

5.11.3.15.3 Positioning aids. Level vials, scales, pointers and other
devices required for posltlonlng the instrument shall be readily visible and
protected from damage of displacement.

5.11.3.16 Environmental conditions. Carrying/transport cases should be
provided for instruments to be hand-carried or mounted/dismounted separately.
Instruments to be utilized under severe environmental conditions should be
designed to take into consideration the special clothing, headgear, protective
masks or other ancillary equipment required by the operator, affecting
controls, eyepieces, eyecups, headrests and other operator interfaces.

5.11.3.17 Li htin
*“

Means shall be provided for illumination of internal
and external sca es, level vials, etc., under low light level conditions.
Continuously variable control of illumination shall be provided as required by
weapon system characteristics. illumination under low light level conditions
shall be designed to minimally affect the dark adaptation of the observer. Red
illumination or red filters should be used to maintain dark adaptation.

5.11.3.18 Maintenance.

5.11.3.18.1 Modular desi n.
~ ‘henpract~ca’’ optica’ equipmentsho”’dbedeveloped util~z~ns modu ar design to prov~de for ~nterchangeablllty of

optical subassemblies.

5.11.3.18.2 Positioning aids. Built-in aligning devices and other aids
should be used wherever possible for ease of ~ositioninq o~tical assemblies
within an instrument or optical modules that have multi~le” applications in
equipment.

5.11.3.18.3
%%%?%erever practical.

Quick-release methods of removing optical
instruments shou

5.11.3.18.4 Collimation. Optical instruments should be provided with
built-in collimation features to allow field adjustment.

5.11.3.18.5 Purging and charqinq. Where periodic purging and charging of
optical instruments are required, an instruction plate, indicating time interval
and pressure requirements shall be provided on the instrument. Purging and
charging fittings shall be accessible for required maintenance.
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5.11.3 .18.6 Component replacement. Internal components such as light bulbs
that require frequent replacement, checkout or mairrtenance st?ouia be easily
accessible, removable without special tools, and replaceable without removal
or disassembly or other components. Components that require frequent
replacement and frequently used special tools and/or equipment shall be
readily accessible. Provision should be made for storage of such components
and tools in or on the specific equi~ment. This particularly applies to items
such as light bulbs whose failure could make the instrument inoperable.

5.11.3.18.7 Boresightlng.

5.11.3.18.7.1 Positive locks. Boresight knobs shall be provided with a
positive ;ock. (The boreslghtin5 Ssttircs shall net be changed when ‘~c~@!.

5.11.3.18.7.2 Lock-unlock resistance. Boresight knob locks shall not
require more than 45 N (10 pounds) resistance to lock and unlock.

5.11.3.18.7.3 Adjustment operation. Boresight adjustment knobs should be
capable of being locked, unlocked, and adjusted by suitably clothed and
equipped users with hand dimensions varying between the 5th and 95th

percentiles.
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5.12 Operational and maintenance ground/shipboard vehicles.

5.12.1 General. Handles, levers, pedals, knobs, and workspace dimensions
shall be d- to enhance effective vehicle operation by suitably clothed
and equipped users with relevant body dimensions varying between 5th and 95th
percentiles. (See 5.6.1. )

5.12.2 Seating.

5.12.2.1 Dimensions and clearances. Seating for vehicle operators should
follow the dimensions and clearances recommended in Figures 50 and 51 and
Table XXVII as applicable.

5.12.2.2 Vertical adjustment. If the seat’s height above the floor is
variable, requirements for leg room and footrest will also vary. Uhen the
seat is adjusted higher, there will be more leg room and larger footrest
angles.

5.12.2.3 Horizontal adjustment. Seats shall adjust at least 150 mm (6 in)
in the fore-aft direction.

5.12.2.4 Back-rest anqle. Back-rest angle should be not more than
1920 mraci (1~) from horizontal. lf only the lumbar area is supported, the
backrest angle of tilt should be 1660 to 1745 rnrad (95 to 100°) for operators
in an alert position.

5.12.2.5 Seat pan. The seat pan shall be flat and made from a rigid
material.

5.12.2.6 Seat addin
~“

Seat padding should be kept to a minimum, but it
should be resl lent enough to keep the operator’s body from contacting the
seat bottom during severe vibration. Seat padding made of foam-type material
should be adequately ventilated.

5.12.2.7 Seat belts. All administrative type vehicles shall have safety
seat belts. Seat belts should be installed on other type vehicles except when
they interfere with operational requirements.

5.12.3 Controls.

5.12.3.1 Design. Controls shall be designed so as not to be adversely
affected by distortion, shock or vibration of the vehicle.

5.12.3.2 Steerin
+“

In case of power steering assist failure, the steering
gear shall a ford the operator sufficient mechanical advantage to guide the
vehicle during an emergency stop or during low-speed operation (See Table IX
for quantitative data.)

5.12.3.3 Pedals. Foot pedals shall be designed to accept the weight of the
operator’s f-thout initiating control action.
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flGURE 50. DIMEhlSIOIUS FOR VEHICLE OPERATOR’S SEAT
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FIGURE 51. RECOMMENDED CLEARANCES AROUND EQUIPMENT
OP~FIATOR’S STATIObl (See Table XXVII)
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TAB~EXXV1l. RECOMMENDED CLEARANCES AROIJhJDEQUIPMENT
OPERATOR’S STATION TO ACCOMMODATE THE %th PERCENTILE
SOLDIER DRESSED IN ARCTIC CLOTHING. OPERATOR SEAT IN
REAR MOST POSITION (Figme 51)

A. ELBOW (DYNAMIC} 970 mm (36in.1

B. ELBOW [STATIC) 710 mm (28 in.)
C. SHOULDER 580 mm (23 in.)
D. KNEE WIDTH (MINIMUM) 460 mm (18 in.)

E. KNEE WIDTH (OPTIMUM) 610 mm 124 in.)
F. BOOT - PROVIDE ADEQUATE CLEARANCE TO OPERATE BRAKE

PEDAL WITHOUT INADVERTENT ACCELERATION OPERATION 150mm (6 in.)
G. PEDALS (MINIMUM) 50 mm (2 in.)
H. BOOT - PROVIDE ADEQUATE CLEARANCE TO OPERATE

ACCELERATOR WITHOUT INTERFERENCE BY BRAKE PEDAL 150 mm (6 in.)

.

1. HEAD (SRP TO ROOF LINE) 1070 mm (42 in.]
2. ABDOMINAL (SEAT BACK TO STEERING WHEEL) 410 mm (16 in.)
3. FRONT OF KNEE (SEAT BACK TO MANUALSKONTROLS

ON DASH} 740 mm (29 in.)
4. SEAT DEFTH (SEAT REFERENCE POINT TO FRONT EDGE

OF SEAT PAN) 410 mm (16 in.)

5. THIGH - UNDER SIDE OF STEERING WHEEL TO SEAT PAN 240 mm (995 in.)
6. SEAT PAN HEIGHT 360 mm (15in.)
7. BOOT (FRONT OF SEAT PAN TO HEEL POINT OF

ACCELERATOR) = mm (14 in.)

8. MINIMUM MITTEN CLEARANCE AROUND STEERING WHEEL 75 mm (3 in.)
9. KNEE - LEG - THIGH (BRAKE - CLUTCH PEDAL) TO LOWER

EDGE OF STEERING WHEEL 660 mm (26 in.)
1
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5.12.3.4 Control of hazardous operations. The operation of switches or
controls which initiate hazardous operations shall require the prior operation
of a locking control.

5.12.4 Operating instructions.

5.12.4.1 Provision of operatinq instruction. Operating instructions shall
be provided for all vehicles and vehicle equipment, except where the mode of
operation will be obvious to all potential operators.

5.12.4.2 Format. Information shall be presented in the form of diagrams
whenever possible.

5.12.4.3 Speed notice. Maximum permissible road speeds in each gear and
range shall be ind~cated. On vehicles for which all road speeds are limited
by engine speed, a red line on the tachometer (if so equipped), at maximum
engine RPM, may be used in lieu of a speed placard.

5.12.4.4 Shift handle positions. Operating positions of shift handles,
such as transmission, power take-off, winch-control, and transfer case
mechanisms shall be illustrated.

5.12.4.5 Control movements. Control movements shall be shown in planes
parallel to the movement of the actual controls.

5.12.4.6. General labelinq criteria. Identification and instruction
markings shall conform with the criteria for labeling contained in this
standard.

5.12.5 Visibility.

5.12.5.1 ~ight operation. Indicators required by the vehicle operator
during night operation shall be illuminated. The display luminance shall be
adjustable from 0.1 to 3.5 cd/m2 (0.03 to 1.0 ft-L). Blackout lighting
systems, if required, shall be designed to preclude accidental operation of
external lights and signals.

5.12.5.2 Visual field.
a lateral visual field of
(220° ).

5.12.5.3 Ground view.

The operator shall have forward visibility through
at least rrad (180°) and preferably 3840 mrad

Trucks should be designed to enable the operator, in
the normal operating position, to view the ground at all distances beyond 3 m

(10 feet) in front of the vehicle. When necessary, mirrors may be used to
meet this requirement, if tactical requirements permit. Upward visibility
shall extend to at least 260 mrad (15°) above the horizontal.
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5.12.5.4 Rear view (vehicle). Side and rear enclosures should be designed
to permit the operator to view the rear of the vehicle in order to observe the.
load and to facilitate trailer attachment and backing maneuvers. If mirrors
are used to meet this requirement, they shall confom to Requirement 111 of
MIL-STD-1180.

5.12.5.5 Rear view (road). A glare-proof, west coast type and spotter
rearview mirror shall be provided on each side of the cab, located in such a
manner as to afford the operator reaward vision from the normal operating
position. Outside rear view mirrors for automotive vehicles should conform to
Requirement 111 of MIL-STD-1180.

5.12.5.6 Glare. Appropriate use shall be made of visors or other means to
preclude performance degradation due to glare from external sources such as
sunlight or headlights except that windshields or other transparent areas
through which high acuity vision is required shall not be tinted or colored.

5.12.5.7 Hindshfelds and windows. Transparent materials selected for
windshields and windows shall be shatter-proof and shall neither distort nor
obscure vision.

5.12.5.8 Windshield wipers and washers. Windshield wipers and washers
shall be provided. Blades shall return to the stored position when turned
OFF . Provision shall be made for manual operation in event of power failure.

5.12.5.9 Fork lifts. The configuration of fork lift mechanisms and fork
lift truck cabs shall permit the operator to have direct view of the tips of
the forks in all typical modes of material loading and in all likely operator
positions.

5.12.6 Heatinq and ventilation.

5.12.6.1 lieatinq. The crew compartment shall be provided with a heating
system capable of maintaining temperatures above 20°C (68°F) during occupancy
when personnel are not wearing Arctic clothing and exposure is for extended
duration (i.e., more than 3 hours). When arctic clothing is worn, cab heaters
shall be capable of maintaining a reference temperature of not less than 5eC
(41°F) at the minimum ambient design temperature with the vehicle moving at
two-thirds maximum speed and the defrosters operating at maximum capacity.
The reference temperature is measured 610 mm (24”) above the seat reference
point of each operator/passenger position. Air temperatures around any part
of the operator/passenger’s body shall not vary more than t5°C (i9°F). The
heater shall achieve these requirements within one hour after it is turned on.

5.12.6.2 Ventilation. Outside fresh air shall be supplied at minimum rate
of 0.57 m3 (20 fts)/min./person. Air flow rates for hot-climate operation
(temperatures above 32°C (90”F) shal 1 be maintained between 4.2 and 5.7 m3
(150 and 200 ft3)/min./person, unless air conditioning or individual
(microclimate) cooling is provided. Air velocity at each person’s head
location shall be adjustable either continuously or with not less than three
settings (OFF, LOW and HIGH) from near zero to at least 120 m (400 ft)/minute.

—
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5.12.6.3 Visibilit
+“

The heating-ventilating system shall be designed to
minimize ciegra a Ion of visibility due to frosting or m~sting of the
windshield.

5.12.7 Trailers, vans, and intervehicular connections.

5.12.7.1 Trailers.

5.12.7.1.1 Brake controls. Trailer brake controls shall be located so that
an operator can reach hem while restraining or position~ng the trailer
manually. The controls shall not be located on the side of the trailer
exposed to road traffic.

5.12.7.1.2 Positioning controls. Component trailers should be cies~gnecl
with precise positioning controls when the trailer will be used to mate parts.

5.12.7.1.3 Tie downs. Munitions tie-down facilities on stores trailers
shall be designed to be easily installed and removed.

5.12.7.1.4 Landing gear lock. Landing gear lock and release shall be
capable of being hand or toot-operated.

5.12.7.2 Vans. The criteria herein shall apply to trailer vans and
transportabl=closures which serve as shelters for personnel or equipment,
and which require occupancy by personnel for operational or maintenance tasks
in excess of one hour, on a recurring basis where mission requirements permit:

a. The ceiling height--the distance from the floor to the bottom of any
light, cable run or other protuberance over the aisle or standing work-space--
shall not be less than 1.980 m (78”) for vans and shelters, except as follows:
When the occupants seldom stand to perform normal operations, the ceiling
height can be reduced to 1.890 m (74.5”) unless otherwise directed by the
procuring activity.

b. The minimum opening for personnel access shall be 1.930 m (76”) high
and 760 mm (30”) wide. Accesses for equipment shall be appropriate and
convenient for the specific equipment to be transported.

c. Steps, statrs, or ladders shall be provided when van floors are more
than 460 mm (18”) above ground level.

d. Access doors of vans shall have provisions for locking doors in open
posittons as well as closed positions. Access doors shall have inner quick-
opening releases for all doors.

e. On work spaces such as large personnel-occupied vans or shelters,
intended for use as mobile work spaces, inclinometers shall be provided to
permit readout of front-rear and side-side tilt within * 2 degrees.

5.12.8 Cranes. materials handlinu and contructfon.
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5.12.8.1 General. Positioning of equipment and loads shall be facilitated
through use ~er-of-gravity identification, matching guidelines,
identification of attaching points, detachable probes, etc. Latches on
control levers shall not cause delay in operation.

5.12.8.2 Control labels. All controls used with lifting equipment shall be
labeled as to function and direction of movement.

5.12.8.3 Control placement. The placement of controls shall be within easy
reach of the operator and shall afford optimum visibility of the load at all
times.

5.12.8.4 Foot-operated controls. Foot-operated controls shall not be
selected for precise ad~ustments or movements. Foot operated brake pedals
that require locking shall lock by foot action alone. For ease of OperatiOn,
the pedals shall rise frm the depressed position in a backward as well as
vertical movement.

5.12.8.5 Load ca acit .
~

The load capacity shall be indicated on the
equipment, and audlb e warning devices shall be provided where necesary to
indicate that the allowable load is being exceeded.

5.12.8.6 Visibilit
+“

Maximum, unobstructed view of the work, including the
point sheaves o t e asic boom of a revolving crane at a 3 m (10 ft) radius
shall be visible to suitably clothed and equipped users with relevant body
dimensions varying between 5th and 95tti percentiles.

5.12.8.7 Access. Where not otherwise specified herein, access dimensions
for construction machinery shall conform to SAE J925, as applicable.

5.12.8.8 Handholds and footholds. Suitable handholds and footholds shall
be provided to facilitate personnel access and movement.

5.12.9 Automotive subsystems.

5.12.9.1 General.

5.12.9.1.1 Drain valves. Vehicles shall be designed to require a minimum
number of drain valves and drain sizes. Drain valves shall be readily
accessible and hand-operable by the full range of user personnel wearing
either arctic or NBC garments. Drain valve handles shall be in line with the
corresponding pipe when ON and perpendicular to the pipe when OFF.

5.12.9.1.2 Filters. Fuel and oil filters shall be located in accessible
positions for inspection and replacement and shall not require the removal of
other parts.

5.12.9.1.3
replacement,

Adjustment and access. Components requiring adjustment or
such as d~strlbutors, fuel injectors, and fan belts, shall be as
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accessible as possible. liming marks and other adjustment indicators shall be
designed to minimize parallax and shall be readily accessible for visual
inspection. Drive belt tensioning devices shall permit access for tensioning
without removal of other components and, if needed, furn~shed with pry points.

5.12.9.1.4 Battery terminals - Positive and negative battery terminals shall
be of different sizes to prevent incorrect cable attachment. Terminals shall
be appropriately labeled “+” or “-”.

5.12.9.2 Tires.

5.12.9.2.1 Dual tires. Design of dual wheel arrangement shall allow both
the inner and outer tires to be inflated and checked for air. The location of
valves shall permit tires to be inflated and checked when the tires are
interchanged.’

5.12.9.2.2 Spare tires.
and checked when mounted in

The spare tire shall be capable of being inflated
the stowed position.

5.12.9.3 Turn simal and emerqency flasher system. All wheeled vehicles
desi’gned for use on public highways shall be equipped with turn signals and
emergency flasher systems in accordance with MIL-STD-1179.

5.12.9.4 Winches.

5.12.9.4.1 Instruction plates. Instruction plates covering winch operation
shall be mounted In a conspicuous location for operator use.

5.12.9.4.2 Operation. Winch and vehicle power trains shall be capable of
being operated simultaneously; the vehicle forward speed due to straight winch-
line or snatch-block operation should match one of the vehicle power train
speeds to facilitate simultaneous operation.

5.12.9.4.3 Cable unwinding_. Winch cables shall be capable of being easily
payed out by one crew member.

5.12.9.4.4 Control location. Winches shall be capable of being operated
from both cab and winch locations and being observed by the operator during
operation.

5.12.9.4.5 Clothing compatibility. Winch controls at the winch shall be
capable of being operated by personnel wearing Arctic mittens.
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5.13 Hazards and safety.

5.13.1 General. As a part of system equipment design, safety factors shall
be given maJor consideration, including, as a minimum, the effective
appl~cation of the human engineering criteria in other sections of this
standard, together with the representative safety criteria herein.

5.13.2 Safety labels and placards.

5.13.2.1 Warning placards. Conspicuous placards shall be mounted adjacent
to any equipment which presents a hazard to personnel (e.g., from high
voltage, heat, toxic vapors, explosion, radiation)-

5.13.2.2 Center-of-gravity and weight. Where applicable, the center of
gravity and ~he weight of equ~pment shall be distinctly marked.

5.13.2,3 Weight capacity. The weight capacity shall be indicated on
stands, hoists, llfts, Jacks, and similar weight-bearing equipment, so as to
prevent overloading.

5.13.2.4 Identification of protective items. Areas of operation or
maintenance where special protective clothing, tools, or equipment are
necessary (e.g., insulated shoes, gloves, suits, etc.) shall be specifically
identified.

5.13.2.5 “NO-STEP” markings. “NO-STEP” markings shall be provided when
necessary to prevent ln~ury to personnel or damage to equipment.

5.13.2.6 Electrical labels. All receptacles shall be marked with their
voltage, phase, and frequency characteristics, as appropriate. For other
electrical labeling and warning requirements, see MIL-STD-454.

5.13.2.7 Hand qrasp areas. Hand grasp areas shall be conspicuously and
unambiguously identified on the equipment.

5.13,3 Pipe, hose and tube line identification. Pipe, hose, and tube lines
for liquids, gas, steam, etc., shall be clearly and unambiguously labeled or
coded as to contents, pressure, heat, cold, or other specific hazardous
properties in accordance with MIL-STD-1247.

5.13.4 General workspace hazards.

5.13.4.1 Alerting device. A hazard alerting device shall be provided to
warn personnel of lmpendlng danger or existing hazards (e.g., fire, the

presence of

5.13.4.2
constructed

combustible or-asphyxiating gas, radiation, etc~).

Emergency doors and exits. Emergency doors and exits shall be
so that they:
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a. are simple to operate,

b. are readily accessible,

c. are unobstructed,

d. are simple to locate and operate in the dark,

e. are quick opening in three seconds or less,

f. require 44 to 133 N (10 to 30 lb) of operating force to open.

9* do not themselves, or in operation, constitute a safety hazard.

h. permit one person egress in 5 seconds or less.

5.13.4.3 Stairs. Stairs, including incline, step risers, and treads, shall
conform with standard safe design practice. Skid-proof flooring, stair, and
step treads shall be provided. Where conditions warrant special precaution,
surfaces shall conform with the nonslip coating requirements of MIL-W-5044 and
MIL-W-5050.

5.13.4.4 Obstructions. Workspace around areas where maintenance is
performed shall be free of obstructions which could cause injury to personnel,
either through accidental contact with the obstruction or because the
obstruction requires an awkward or dangerous body position.

5.13.4.5 Illumination. Adequate illumination shall be provided in all
areas. Warning placards, stairways, and all hazardous areas shall be
illuminated, in accordance with the recommended levels of Table XXI.

5.13.4.6 Thermal contact hazards. Equipment which, in normal operation,
exposes personnel to surface temperatures greater or less than those shown -
below, shall be appropriately guarded. Surface temperatures induced by
climatic environment are exempt from this requirement.
shall also be appropriately guarded.

Exposure

Momentary contact

Prolonged contact
or handling

Momentary contact

Prolonged contact
or handling

Metal

Temperature limits

G1ass

60 degrees C
(140 degrees F)

49 degrees C
(120 degrees F)

O degrees C
(32 degrees F)

O degrees C
(32 degrees ‘)

68 degrees C
(154 degrees F)

59 degrees C
(138 degrees F)

O degrees C.
(32 degrees F)

O degrees C
[32 degrees F)

n-a-.-L.

Cryogenic systems

Plastic or wood

85 degrees C
(185 degrees F)

69 degrees C
(156 degrees F)

O degrees C
(32 degrees F)

O degrees C
(32 degrees F)
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5.13.5 General equipment-related hazards.

5.13.5.1 Interlocks and alarms. The operation of switches or controls
which initiate hazardous operations (e.g., ignition, movement of a crane,
etc.) shall require the prior operation of a related or locking control.
Where practicable, the critical position of such a control shall activate a
visual and auditory warning device in the affected work area.

5.13.5.2 Access. Units shall be so located and mounted that access to them
can be achieved without danger to personnel from electrical charge, heat,
moving parts, chemical contamination, radiation, or other hazards-

5.13.5.3 Hazardous access. Where access areas must be located over
dangerous mechanical or electrical components, the access door or cover shall
be designed to actuate an internal light when opened, and a highly visible
warning label shall be provided on the outside of the door or cover.

5.13.5.4 Edge rounding. Where applicable, all exposed edges and corners
shall be rounded to a minimum of .75 mm (.03 in) radius. Sharp edges and
corners that present a personal safety hazard or potential damage to equipment
during usage shall be suitably protected or rounded to a minimum radius of
13run (1/2in).

5.13.5.5 Safety pins and streamers. Safety pins and streamers shall be
clearly visible and accessible during ground maintenance.

5.13.6 Platforms.

5.13.6.1 ~OCkS. Self-locking or other fail-safe devices shall be
incorporated~l evati ng stands, work platforms and “draw bridges” to Prevent
accidental or inadvertent collapsing or falling.

5.13.6.2 Handrails, safety bars and chains.. Handrails, safety bars, or
chains shall be installed around platforms and across stair or step openings
in platforms, ledges, catwalks, etc. Such guards shall be placed 1.070 m
(42 inches) above the standing surface. An intermediate guard rail shall be
provided. Chains shall only be used where it is not feasible to install
handra~ls or safety bars. Kickboards, 150 mm (6 in) high, shall be installed.

5.13.6.3 Safety mesh. Screen or safety mesh shall be installed on the
underside of open gratings, platforms, or flooring surfaces where there is a
possibility that small tools, parts or debris may fall through the grating on
workers or equipment beneath the platform.

5.13.7 Electrical, mechanical, fluid, toxic and radiation hazards.

5.13.7.1 Electrical hazards.

5.13.7.1.1 Insulation of tools. Tools and test leads to be used near high
voltages shall be adequately Insulated.
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5.13.7.1.2 Plugs and receptacles. Plugs and receptacles shall be designed

so that a plug of one voltage rating cannot be inserted into a receptacle of
another rating.

5.13.7.1.3 Voltage exposure. Equipment shall be designed so that all hot
contacts will be socket contacts.

5.13.7.1.4 Dangerous voltage or current. Guards, grounding, interlocks,
and warning placards shall be provided to minimize the possibility of exposing
personnel to dangerous voltages or currents.

5.13.7.1.5 Ground potential. Equipment shall be designed so that all
external parts, with the exception of antenna and transmission line terminals,
will be at ground potential in accordance with Requirement 1 of MIL-STD-454.

5.13.7.1.6 Electrically-operated hand tools. Electrically operated
hand-held power tools shall be designed with three-wire power cords with one
wire at ground potential and shall have exposed surfaces which are either
non-conducting or are electrically connected to the ground wire. “Exposed
surfaces” include cases, grips, handles, switches, triggers, chucks, and other
surfaces which are capable of being contacted during operation. Portable
tools, protected by an approved system of double insulation or its equivalent,
may be used without a ground wire when approved by the procuring activity.

5.13.7.1.7 Electronic equipment. Electronic equipment safety provisions
shall be in accordance with Requirement 1 of MIL-STD-454.

5.13.7.1.8 Vehicle batteries. All batteries which have a rating greater
than 25 amp hours shall have terminal guarding to prevent inadvertent
short-circuit. Such guarding shall also prevent short-circuiting of the
battery in spite of clearly improper but possible acts by personnel, such as
placing of tools across terminals, resting a heavy object on the battery
cover, and standing on a battery cover.

5.13.7.2 Mechanical hazards.

5.13.7.2.1 Guards. A guard shall be provided on all moving parts of
machinery and transmission equipment, including pulleys, belts, gears, blades,
etc., on which personnel may become injured or entangled.

5.13.7.2.2 Telescoping ladders. Adequate finger clearance shall be
provided between rungs of telescoping ladders.

5.13.7.3 Fluid hazards.

5.13.7.3.1 Connectors. Each connector utilized in the handling or control
of hazardous flulds, including propellants, solvents, toxics, hypergolics,
asphyxiants, etc., shall be incompatible with other connectors within the
access area of that connector.
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5.13.7.3.2 Fluid and fuel servicing equipment. Automatic shutoff devices
shall be provided on fluld and fuel service equipment to prevent overflow and
spillage.

5.13.7.4 Toxic hazards.

5.13.7.4.1 General. Personnel shall not be exposed to the concentrations
of toxic subst-n excess of the limits specified in either the Department
of Defense (DoD) Occupational Safety and Health (OSli)standards or specialized
standards applicable to military unique equipment, systems or operations.

5.13.7.4.2 Carbon monoxide. Carbon monoxide in personnel areas shall be
reduced to the lowest level feasible. Personnel shall not be exposed to
concentrations of carbon monoxide (CO) in excess of values which will result
in carboxyhemoglobin (COHb) levels in their blood greater than the following
percentages: 5% COHb (all system design objectives and aviation system
performance limlts); 10% COtib (all other system performance limits). It is
acceptable to estimate COHb blood levels in personnel by solving the empirical
equation given in paragraph 3.7.5 of MILHDBK-759A. When using the equations
to estimate the percent COHb blood levels for combat vehicle occupants, the
following work stress levels (defined by MIL-HDBK-759A) shall be applied as
appropriate: activities involving weapons fire - level 4; all other mission
activities - level 3. An initial value of COHbo=l.O% shall be assumed for all
estimates.

5.13.7.5 Radiation. Radiation emitting systems and equipment require
special cons~deratlon to minimize hazards to operators and maintenance
personnel. Ionizing radiation exposure rates produced by any device shall not
exceed 0.5 milliroentgens/hr at a distance of 50 mm (2”) from any point on the
external surface. !licrowave, radio frequency, X and laser radiation limits
shall conform to those specified in Requirement 1, MIL-STD-454. Definitive
and specific data should be obtained from the service agency responsible for
control of personnel exposure to radiation.
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5.14 Aerospace vehicle compartments.

5.14.1 General. Aerospace vehicle compartments shall be designed to
optimize human efficiency, safety, and comfort within the constraints imposed
by system requirements.

5.14.1.1 Windows, canopies, and windshields.

5.14.1.1.1 Visual performance. Transparent areas shall be designed to be
free from color, distortion, ur any other factors that would deqrade visual
performance below the level required for mission accomplishment:

5.14.1.1.2 Multilayered windows. Visual performance shall not be degraded
below the level required for mission accomplishment by loss of light
transmission or by multireflections resulting from multilayered windows.

5.14.1.1.3 Angle of incidence. When undistorted external vision is
required, the angle of incidence (see 3.3) shall not exceed w/3 rad (600).

5.14.1.1.4 Unobstructed vision. Windows and canopies shall be designed for
optimum unobstructed vision. Width of structural members in the line of
vision should not exceed 56 mm (2.2 inches). Aircrew vision requirements are
contained in MIL-STD-850.

5.14.1.1.5 Head-up displays.

5.14.1.1.5.1 General. Head-up displays shall be compatible with the
capabilities and limitations of the human visual system. Information
presented on head-up displays shall be limited to critical data which the
operator is required to monitor while simultaneously performing some primary
visual task.

5.14.1.1.5.2 Symbol brightness. Symbols shall be bright enou_gh to be
legible under all expected ambient lightinq conditions. Svmbol brightness
shall not be less than 5000 cd/m2 (1500 Ft~L) when legibility in di;ect
sunlight or background luminance of 34,000 cd/m2 (10,000 Ft-L) is required.
For most high ambient light applications, symbol brightness should be
6,900 - 10,300 cd/m2 (2,000 - 3,000 Ft-L).

5.14.1 .1.5.3 Leqibilit.y. Sufficient contrast shall be provided to ensure
symbol legibility under all expected viewing conditions.

5.14,1.1.5.4 Field of view. Head-up displays should have a minimum field
of view of 350 mrad (20°) in the vertical plane and 490 mrad (28°) in the
horizontal plane.

5.14.1.1.5.5 Exit pupil. Head-up displays shall have a minimum exit pupil
(that area within a CO1limated beam in which the entire image formed by an
objective lens is capable of being seen) of 72 mm (2.8”).
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5.14.1.1.5.6 Symbol line width. Symbols used in head-up displays shall
have a minimum line width t o 5 mrad (1.7 minutes). For most applications,
symbol line width should b: 1.6 *0.2 mrad (3.4 *007 minutes)o

5.14.1.2 Instrument location. Instruments shall be located so that, with
glare shields and bezels In place, they can be easily read by appropriate crew
members.

5.14.2 Crew stations and passenger compartments (all aerospace vehicles).

5.14.2.1 Aircrew stations (aeronautical). Speciffc design requirements for
pilot and copilot stations are contained in MIL-STD-203, MIL-STD-250,
MIL-STD-411, MIL-STD-783, MIL-STD-850, MIL-STD-1333, MIL-STD-1776,
MH_-STD-1787, MIL-STD-1800, MIL-STD-1801, MIL-L-5667, MIL-L-85762,
MIL-L-87240, MIL-M-18012, MIL-P-7788, and AFGS-87213A. Human Engineering
design of pilot and copilot stations not covered in the above documents or
other contractual documents shall be in accordance with the criteria in this
standard. Human engineering design of aircrw stations and passenger
compartments other than pilot and co-pilot stations shall be in accordance
with the criteria of 5.7.

5.14.2.2 Layout for shared work space.

5.14.2.2.1 General. Where applicable, design of compartments shall allow
personnel to smuipnent, reduce communication requirements, conduct
required face-to-face communications, and mfnimize mutual interference when
operating equipment which requires more than one operator.

5.14.2.2.2 Location and arrangement of groups. Groups should be located
and arranged to share material, information, and equipment; to simplify
supervision; and to simplify coordination.

5.14.2.2.3 Effects of crew size. Compartment design shall accommodate
requirements for InteractIon and multiple use as crew size grws, fncluding
adequate provisions for communications; physical access; illumination;
acoustics; air conditioning; traffic flow and free volume; oxygen regulators
and portable units; first aid equipment; emergency egress; personal equipment
storage; oxygen supplies and environmental control; food, water, and waste
management; and rest areas.

5.14.2.2.4 Standing operations. Standing operations shall be limited to
those necessitated by mission requirements.

5.14.2.2.5 Effects of variable gravity. When aerospace vehicle missions
require the performance of crew operation, maintenance, and control tasks in
a variable gravity flight regime, design shall include provisions for body
positioning and restraint devices, locomotion aids, and safeguards against
inadvertent displacement of controls and damage to vehicle and to personnel
equipment.
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5.14.2.3 Work space dimensions. The following dimensions and those
presented in Figures 23 through 29 and Tables XIII through XIX shall be used
in the design of work places so as to provide adequate clearance. If
environmental conditions require personal protection encumbrances that
necessitate larger clearances, allowances shall be made.

Light Bulky
Clothing Clothing

M QQJll

Minimum height allowance for standing 193 (76) 198 (78)

Minimum height allowance for crawling 79 (31) 86 (34)

Maximum depth of objects which must be 58 (23) 53 (21)
reached into

Minimum width allowance for passing body 58 (23) 69 (27)

Minimum thickness allowance for passing 33 (13) 41 (16)
body

Minimum height allowance for bending or 122 (48) 127 (50)
kneeling

5.14.2.4 Seatinc! and restraint.

5.14.2.4.1 General. Seats, contours, positions, and restrains should be
adjustable to individual anthropometric dimensions of shirtsleeve and pressure
suit environments, survival equipment, armor, and to fore-seeable conditions
and levels of g-loading. Seating or restrains shall provide an adequate
supporting framework for the body relative to the activities that must be
performed. Seats shall be designed for maximum protection under g-loading and
for comfort, ease of adjustments, and minimum weight.

5.14.2.4.2 Vertical and horizontal (fore and aft) adjustments. Seats shall
have vertical and horizontal adjustments suff icient to accommodate suitably
clothed and equipped users with relavant body dimensions varying between 5th
and 95th percentile (see 5.6), without degrading their performance capability.

5.14.2.4.3 Swivel adjustments. Seats capable of being rotated shall
contain at least eight locking positions equally spaced through 2 Brad (3600).
The seat shall be capable of being swiveled freely, when unlocked, while
supporting a load of 113 kg (250 lb).

5.14.2.4.4 Heiqht. The sitting surface shall be designed to provide a
minimum of 230 mm (9 in) between the sitting surface and the bottom of the
work surface or shelf. (See figure 24)

5.14.2.4.5 Access to foot controls. When seated, the operator shall have
free access to, and actuation of, foot-operated controls.
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5.14.2.4.6 Backrest. Backrest angle shall vary between 85 and 260 mrad
(5° and 15°) aft of the vertical for the work position and to a maximum of
875 mrad (50°) for the rest position. The rest angle shall not exceed an
included angle between seat and backrest of 2375 mrad (1360).

5.14.2.4.7 Armrests. Armrests that are integral with operator’s seats
shall be at least 50 mm (2 in) wide and 200 mm (8 in) long and be 190 to
250 mm (7.5 to 10 in) above the seat surface. Modified or retractable
armrests shall maintain compatibility with an associated console. The armrest
shall not interfere with work requirements or emergency procedures.

5.14.2.4.8 Leg room. Knee and foot room shall be provided beneath work
surfaces. Clearances shall equal or exceed the following dimensions:

a. Height: 640 mm (25 inches). (If a foot rest is provided, this
dimension shall be increased accordingly.)

b. Width: 510 mm (20 inches).

c. Depth: 460 mm (18 inches).

5.14.2.4.9 Passenqer seats. Where feasible, passenger seats should face
the rear of the vehicle and should include a 400 mm (16 inches) walkway space
between the seat pan edge and the back of the adjacent seat.

5.14.3 Personnel ingress and egress.

5.14.3.1 Hatches for normal exit and entrance. The minimum diameter of a
circular hatch shall be 60 mm 30 inches). he minimum dimensions of a
rectangular hatch or passageway shall be 660 mm (26 inches) wide and 760 mm
(30 inches) high.

5.14.3.1.1 Exit markings. Exits shall be clearly identified under reduced
lighting condit~ons. Exit instructions shall be legible, brief, and clearly
worded.

5.14.3.2
be supplied

5.14.363

Handholds and footholds. Suitable handholds and footholds shall
where necessary.

Tunnels.

5.14.3.3.1 Diameter. The minimum diameter of tunnels shall be 760 mm
(30 in).

5.14.3.3.2 Personal equipment space. Tunnels shall be designed to
permit passage of an operator with personal equipment and clothing.
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5.14.3.4 Doors.

5.14.3.4.1 Jamming. Doors shall be designed to minimize the possibility of
jamming.

5.14.3.4.2 Latches. Latch handles should be used in preference to knobs.
The latch hand~ll be uniform in size, placement, and operation for
similar applications throughout the vehicle. Correct movement of the latch
handle shall be labeled in accordance with Section 5.5.

5.14.3.5 Inclines and stairs and ladders.

5.14.3.5.1 Angle of incline. The type of structure in relation to angle of
ascent shall be as specified in Figure 33.

5.14.3.5.2 Hand and foot surface. Hand rails or gripping surfaces and
nonslio foot surfaces shall be provided for ladders. Nonslip treads shall be
provided on all stairs. Safety’ bars or chains shall be installed across stair
or step openings. Handrails or hand holds should be provided when it is
necessary for crew members to move between different locations while the
vehicle is in motion. The handrails or hand hold shall be 915 mm (36 inches)
above the walking surface.

5.14.3.6 Floors. Passage floors shall be provided with nonslip tread or
other high friction surface.

5.14.4 Emergency evacuation.

5.14.4.1 General criteria.

5.14.4.1.1 Simplicity. The simplest possible escape mode, consistent with
safety and effectiveness, shall be provided.

5.14.4.1.2 Evacuation time. Emergency evacuation (after crash landing) of
the crew members shall be possible within 30 seconds, using only one-half of
the exits. Emergency evacuation (after crash landing) of all passengers and
crew members shall be possible within 60 seconds, using only one-half of the
exits. Emergency doors and exits shall be readily accessible, unobstructed,
and quick opening from both sides in three seconds or less.

5.14.4.1.3 Cutaway areas. Areas of the vehicle structure which can be
chopped through with axes in emergencies shall be clearly marked. Axes shall
be provided and adequately labeled.

5.14.4.1.4 Movable articles. Provision shall be made for securing movable
articles within the vehicle.

5.14.4.1.5 Exterior protrusions. The design of the escape system shall
preclude personnel contact with exterior vehicle protrusions during emergency
evacuation.
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5.14.4.1.6 Evacuation aids. Where hatches or door sills are more than
1.830 m (72 inches) above the ground, evacuation aids such as inflatable
slides, slide poles, ladders, or ropes shall be provided. Ropes, where
employed, shall be attached to the top of openings and stand off from the
structure to permit use by more than one person at a time.

5.14.4.1.7 Handholds. Handholds shall be provided to assist personnel
escape after crash landing or ditching. Handholds shall be designed to
accommodate personnel wearing either lightweight and medium weight gloves or
cold weather gloves and mittens.

5.14.4.2 Escape exits.

5.14.4.2.1 Emergency lighting. Emergency lighting with self-contained
power shall be provided at or near each emergency or normal exit. Lighting
shall be automatically energized when the vehicle is subject to conditions
requiring such light. The fixture shall be turned on or off from a switch
accessible to the vehicle commander. The fixture shall be removable for use
outside the vehicle during emergencies.

5.14.4.2.2 Escape openings. Escape openings shall be smooth-edged and free
of obstructions and shall permit the passage of personnel with necessary
survival equipment.

5.14.4.2.3 Ease of operation. Doors and hatches shall be quick-opening,
easily operated, and have a standard mode of latch-handle operation throughout
the vehicle.

5.14.4.2.4 Latch-handle actuation. Release latch handles on emergency
exits shall require no more than N (25 lb) of force in lateral direction
or 200 N (45 lb) pull. This operation should be possible using either hand
and shall require no more than two distinct and different motions.

5.14.4.2.5 Control protection. Handles and controls for escape exits shall
be protected from inadvertent contacts or contacts that are not escape
oriented. Such controls shall not be secured by means af lockwire.

5.14.4.3 Ejection systems. Where ejection systems are specified, the
following criteria, and those contained in MIL-S-9479 for USAF, or MIL-S-18471
for USN, shall apply.

5.14.4.3.1 Clearance. The vehicle shall be designed to provide adequate
clearance for egress of either the ejection seat and occupant or the escape
capsule, as applicable.

5.14.4.3.2 Safety harnesses. Personnel safety harnesses shall be easily
adjusted and removed and shall be designed to preclude interference with safe
ejection.
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5.14.4.3.3 Ejection controls. Ejection controls shall be readily
accessible and activat~on shall be possible with either hand.

5.14.4.3.4 Control protection. Provision shall be made to guard against
accidental activation of ejection controls.

5.14.4.3.5 Safety pins and streamers. Safety pins and warning streamers
for ejection seats and canopies shall be clearly visible and accessible during
ground maintenance.

5.14.4.3.6 Automatic sequencin~. The system shall be automatically
sequenced and shall require no further action by the occupant once the escape
coritrol has been activated.

5.14.4.3.7 Survival requirements. The system shall deliver the crew-member
with necessary survival equipment to the ground or water in adequate physical
condition for performance of the actions required for survival and rescue.

5.14.4.3.8 Esca e ca sule.
~a

Where escape capsules are specified, the
following addltlona , and those contained in MIL-C-25969 for USAF, or
MIL-A-23i21 for USN, shall apply.

5.14.4.3.8.1 Capsule provision. The escape capsule shall provide for
adequate vision for nomnal operational duties, limb and head restraint during
the escape sequence, and stowage for survival equipment.

5.14.4.3.8.2 Pressurization. The escape system shall provide for
pressurization and ventilation of the capsule. The escape system actuators,
ballistics, pyrotechnics, or any other devices, shall not permit introduction
of noxious or toxic products into the pressurized crew compartment upon
activation.

5.14.4.3.8.3 Alighting impact. The system shall provide shock attenuation
for landing on terrain or water without injury to occupants.

5.14.4.3.8.4 Flotation. The system shall ensure flotation of the capsule
for water survival.
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5.15 User-computer interface.

5.15.1 General. Computer programs and equipment interfaces shall provide a
functional~ace between the system for which they are designed and users
(operators/maintainers) of that system. This interface shall optimize
compatibility with personnel and shall minimize conditions which can degrade
human performance or contribute to human error.

5.15.1.1 Standard procedures. Users shall be provided standard procedures
for similar, logically related transactions.

5.15.1.2 Computer response. Every input by a user shall consistently
produce some perceptible response output from the computer.

5.15.1.3 On-line guidance. Users shall be provided on-line data and
command indices, and dictionaries, to guide selection and composition for data
and command entries. Definitions of allowable options, system capabilities,
procedures, and ranges of values shall be displayable at the user’s request.

5.15.1.4 System status. Users shall be provided information at all times
on system status regarding operational modes, availability, and loads, either
automatically or by request.

5.15.1.5 Log-on procedures. In applications where users must log-on to the
system, log-on shall be a separate procedure that must be completed before a
user is required to select among any operational options.

5.15.1.5.1 Automatic log-on display. Appropriate prompts for log-on should
be automatically displayed on the user’s terminal with no special action
required other than turning on the terminal.

5.15.1.5.2 ~. Users shall be provided feedback relevant to
the log-on procedure that indicates the status of the inputs.

5.15.1.5.3 Lo -on dela
~“ -

If a user cannot log-on to a system, a prompt
should be provided to exp aln the reason for this inability. Log-on processes
should require minimum input from the user consistent with the requirements
prohibiting illegal entry.

5.15.1.6 Log-off procedures. When a user signals for log-off, the system
should check pending transactions to determine if data loss seems probable.
If so, the computer-should prompt for confirmation before the log-off command
is executed.

5.15.1.7 Compute_r failure. In the event of partial hardware/software
failure, the program should allow for orderly shutdown and establishment of a
check-point so restoration can be accomplished without loss of computing
performed to date.

5.15.1.8 Interaction. Where two or more users must have simultaneous read
access to the computer program or data processing results from multiple
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personnel-equipment interfaces, the operation by one person shall not.
interfere with the operations of another person unless mission survival may be
contingent upon the pre-emption. Provisions shall be made so that the
pre-empted user can resume operations at the point of interference without
infomnation 10ss.

5.15.2 Data entry.

5.15.2.1 General. Data entry functions shall be designed to establish
consistency ~ entry transactions, minimize input actions and memory load
on the user, ensure compatibility of data entry with data display, and provide
flexibility of user control of data entry.

5.15.2.1.1 User pacing-manual. Data entry shall be paced by the user,
rather than by the system.

5.15.2.1.2 Positive feedback.
to the user of the acceptance or
times shall conform to 5.15.8.

5.15.2.1.3 Processing delay.
conditions will result In a processing d~lay, the system shall acknowledge the
data entry and provide an indication of the delay to the user. If possible,
the system shall advise the user of the time remaining for the process or of
the fraction of the process completed.

The system shall provide a positive feedback
rejection of a data entry. Feedback response

Where system overload or other system

5.15.2.1.4 Explicit action. Data entry shall require an explicit
completion action, such as the depression of an ENTER key.

5.15.2.1.5 Validation. Data entries should be validated by the system for
correct format, 1egal value, or range of values. Where repetitive entry of
data sets is required, data validation -for each set should be completed before
another transaction can begin. See also 5.15.8.11.

5.15.2.1.6 Software-available data. The user should not be required to
enter data already ava~lable to the software.

5.15.2.1.7 Input units. Data should be entered in units which are far’!tliar
to the user.

5.15.2.1.8 Cursors.

5.15.2.1.8.1 Control. Systems employing cursors shall provide cursor
control capability. The user should be able to adjust the sensitivity of the
cursor movement to be compatible with the required task and user skills.

5.15.2.1.8.2 Dis la
+’

A movable cursor within the display shall have a
distinctive visua attribute that does not obscure other displayed entities.
When fine positioning accuracy is required, as in some forms of graphic and
image processing applications, the displayed cursor shall include an
appropriate point designation feature (such as crosshairs). The cursor shall

—
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not move beyond the display boundaries and disappear from sight. If the
cursor is moved by depressing a key, releasing the key shall cause the cursor
to stop moving.

5.15.2.1.8.3 Home position. The home position for the cursor should be
consistent across similar types of displays.

5.15.2.1.8.4 Explicit actuation. 4 separate, explicit action, distinct
from cursor position, shall be required for the actual entry (e.g., enabling,
actuation) of a designated position.

5.15.2.1.8.5 Consistent positioning. Where cursor positioning is
incremental by discrete steps, the step size of cursor movement shall be
consistent horizontally (i.e., in both right and left directions), and
vertically (in both Up and down directions).

5.15.2.1.8.6 Keyboard cursor control. When position designation is
required in a task emphasizing keyed data entry, cursor control should be by
some device integral to the keyboard. If cursor movement is accomplished by
depressing keys, the keys shall be located on the main keyboard.

5.15.2.1.8.7 Movement relationships. The response of a cursor to control
movements shall be consistent, predictable, and compatible with the user’s
expectations. For cursor control by key action a key labeled with a left-
pointing arrow should move the cursor leftward on the display; for cursor
control by joystick, leftward movement of the control should result in
Ieftward movement of the cursor.

5.15.2.1.9 Abbreviations, mnemonics, and codes. When abbreviations,
mnemonics, or codes are used to shorten data entry, they shall be distinctive
and have a relationship or association to normal language or specific
job-related terminology. Abbreviations should be the same length, the
shortest possible that-will ensure unique abbreviations.

5.15.2.1.10 Explicit delete action. Data deletion or cancellation shall
require an expllcit action, such as the depression of a DELETE key.

5.15.2.1.11 Change of data. Where a user requests change (or deletion) of
a data item that is not currently being displayed, the option of displaying
the old value before confirming the change should be presented.

5.15.2.1.12 Single method of data entry. Data entry methods and data
displays should not require the user to shift between entry methods.

5.15.2.1.13 Data entry display. Where data entry on an electronic display
is perm~tted only In prescribed areas, a clear visual definition of the entry
fields shall be provided.

5.15.2.2 Keyboard.
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5.15.2.2.1 Use. A keyboard should be used to enter alphabetic, numeric and
other special ~racters into the system.

5.15.2.2.2 Confi uration.
-+--

Keyboards shall conform to MIL-STD-1280, unless
otherwise specl led or approved by the procuring activity.

5.15.2.2.3 Timel
sha~” ‘eyed’”’”:”

except security items such as
passwords, be shown on the display In accordance with the values in
Table XXVIII.

5.15.2.2.4 Lenqth. Except for extended text, the length of individual data
items shall be mlnlmized.

5.15.2.2.5 Justification. When entering tabular data, the user shall not
be required to right- er left-justify tabular data entries. The system shall
automatically justify columnar data with respect to decimal systems point,
left margin or right item margin, depending on the type of data.

5.15.2.2.6 Numeric keypads. Keyboards used in systems requiring
substantial numeric input shall be equipped with a numeric keypad.

5.15.2.2.7 Minimization of keyin~. The amount of keying required should be
minimized. .

5.15.2.2.8 Minimization of shift keying. The use of key shifting functions
should be minimized during data entry transactions.

5.15.2.2.9 Data change. In keyed data entry, means shall be provided to
allow users to change previous entries, if necessary, by DELETE and INSERT
actions.

5.15.2.3 Fixed function (dedicated) keys.

5.15.2.3.1 Use. Fixed function keys (for example, ENTER) should be used
for time-criti~, error-critical, or frequently used control inputs.

5.15.2.3.2 Standardization. Fixed function keys should be common
throughout the system.

5.15.2.3.3 Functional consistency. Once a key has been assigned a given
function, it should not be reassigned to a different function for a given user.

5.15.2.3.4 Availability. Fixed function keys should be selected to control
functions that are continuously available; i.e., lockout of fixed function
keys shall be minimized. At any step in a transaction sequence, however,
function keys which are not used for current inputs should be temporarily
disabled under computer control. Mechanical overlays should not be used for
this purpose.

5.15.2.3.5 Non-active keys. Non-active fixed function keys should be
replaced by a blank key on the keyboard.
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5.15.2.3.6 Grou in .
+ .

Fixed function keys shall be logically grouped and
shall .be place In lstlnctive locations on the keyboard.

5.15.2.3.7 Actuation. Except when used to toggle between two opposing
states, a fixed function key should require only a single actuation to
accomplish its function.

5.15.2.3.8 Feedback. 14hen fixed function key activation does not result in
an immediately observable natural response, the user shall be given an
indication of system acknowledgement.

5.15.2.3.9 Function labels. Key assignments shall be displayed at all
times, preferably through direct marking. Where abbreviations are necessary,
standardized DoD abbreviations (e.g., !41L-STD-12, MIL-STD-411, MIL-STD-783)
should be used.

5.15.2.4 Variable function keys.

5.15.2.4.1
selection and

5.15.2.4.2
status of the

5.15.2.4.3

Use. Variable function keys may be used for programmable menu
~ry of control functions.

When the effect of a function key varies, the
-;splayeci.

Reprogramnable or inactive default functions. When keys with
labeled default functions are reprogrammed or turned off, a visual warning
shall alert the user that the standard function is not currently accessible
via that key.

5.15.2.4.4 l?elabelin~. Provision shall be made for easily relabeling
variable function keys. Labels for variable function keys, located along the
perimeter of a display, may be generated on the display face.

5.15.2.4.5 Shifted characters. Shift keys should not be required to
operate variab~e tunction keys.

5.15.2.4.6 Easy return to base-level functions. Where the functions
assigned to a set of funct~on keys change as a result of user selection, the
user should be given an easy means to return to the initial, base-level
functions. For example, in cockpit design, where multifunction keys may be
used for various purposes such as navigation or weapons control, the aircrew
should be able to take a single action to restore those keys quickly to their
basic flight control functions.

5.15.2.5 Lightpen.

5.15.2.5.1 Use. A lightpen may be used when non-critical, imprecise input
functions are ~uired. Such direct-pointing controls should be used when
item selection is the primary type of data entry.

5.15.2.5.2 Dimensions andmountin~. See 5.4.3.2.7.3.
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5.15.2.5.3 Actuation. Lightpens shall be equipped with a discrete
actuating/deactuating mechanism. For most applications, a push-tip switch,
requiring 0.5N - 1.4N (2-5 OZ) of force to actuate, is preferred.

5.15.2.5.4 Feedback. Two forms of feedback shall be provided to the user
when using a lightpen:

a. Feedback concerning the position of the lightpen, preferably in the
form of displayed cursor (such as circle or crosshair) or highlighting which
also informs the user that the system is recognizing the presence of the
lightpen. The feedback shall be large enough to be seen under the point of
the lightpen.

b. Feedback that the lightpen has actuated and the input has been
received by the system.

5.15.2.6 Directional controllers.

5.15.2.6.1 Use. A joystick, trackball or similar device may be used when
precise input fictions are required. Joystick, trackballs, grid-and-stylus
devices and x-y controllers shall conform to 5.4.3.2.2, 5.4.3.2.3, 5.4.3.2.4,
5.4.3.2.5, and 5.4.3.2.6.

5.15.2.6.2 Actuation/deactuation. A discrete mechanism shall be provided
to allow the user to actuate/deactuate the device.

5.15.2.7 Touch screen. See paragraph 5.4.6 for information on touch
screens.

5.15.3 Data display.

5.15.3.1 Display format.

5.15.3.1.1 Consistency. Display formats should be consistent within a
system.

a. When appropriate for users, the same format should be used for input
and output.

b. Data entry formats should match the source document formats.

c. Essential data, text, and formats should be under computer, not user,
control.

5.15.3.1.2 Criticality. Only data essential to the user’s needs shall be
displayed.

5.15.3.1.3 Readily usable form. Data presented to the user shall be in a
readily usable and readable form such that the user does not have to
transpose, compute, interpolate or mentally translate into other units, number
bases or languages.
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5.15.3.1.4 Order and sequences. When data fields have a naturally
occurring order (e.g., chronolog~cal or sequential), such order shall be
reflected in the format organization of the fields.

5.15.3.1.4.1 Data grouped by importance. Where some displayed data items
are of significant importance or require immediate user response, those items
should be grouped at the top of the display.

5.15.3.1.4.2 Data grouped by function. Where sets of data are associated
with particular questions or related to particular functions, each set may be
grouped together to help illustrate those functional relationships.

5.15.3.1.4.3 Data grouped by frequency. Where some data items are used
more frequently than others, those items may be grouped at the top of the
display.

5.15.3.1.5 Data separation. Separation of groups of information should be
accomplished by blanks, spacing, lines, color coding, or other mans
consistent with the application.

5.15.3.1.6 Recurring data fields. Recurring data fields within a system
shall have cons~stent names and should have consistent relative position
within displays.

5.15.3.1.7 Extended alphanumerics. When five or more alphanumeric
characters without natural organization are displayed, the characters shall be
grouped in blocks of three to-five characters within each group separated by a
minimum of one blank space or other separating character such as a hyphen or
slash.

5.15.3.1.8 Comparative data fields. Data fields to be compared on a
character-by-character basis shall be positioned one above the other with
alignment of characters to be compared.

5.15.3.1.9 Labels and titles. Each display shall be labeled with a title
or label that IS unique within the system. To make the display as meaningful
as possible and to reduce user memory requirements, every field or column
heading should be labeled.

5.15.3.1.9.1 Display title. Every display should begin with a title or
header at the top, describing briefly the contents or purpose of the display.
There shall be at least one blank line between the title and the body of the
display.

5.15.3.1.9.2 Conunand entry, prompts, messages at bottom. The last several
lines at the bottom of every display should be reserved for status and error
messages, prompts, and command entry.

5.15i3.l.10 Data group labels. Each individual data group or message shall
contain a descriptive title, phrase, word or similar device to designate the
content of the group or message. Labels shall:

— —.——____
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a. Be located in a consistent fashion adjacent to (and preferably above
or to the left of) the data group or message they describe.

b. Be unambiguously related to the group, field, or message they
describe.

c. Be highlighted or otherwise accentuated to facilitate operator
scanning and recognition. The technique used to accentuate labels shall be
different from, and easily distinguished from, that used to highlight or code
emergency or critical messages.

d. Be unique and meaningful to distinguish them from data, error
messages, or other alphanumerics.

e. Be displayed in upper case only, wh~?e text may be displayed ir!upoer
and lower case.

f. Reflect the question or decision being posed to the user, when
presenting a list of user options.

5.15.3.1.11 Scrolling. Items continued on the next page (scrolled) should
be numbered relative to the last item on the previous page.

5.15.3.1.12 Page numberin~. Each page of a multiple page display shall be
labeled to identify the currently displayed page and the total number of
pages, e.g., Page 2 of 5.

5.15.3.1.13 Frame identification. Every display frame shall have a unique
identification to provide a reference for use in requesting the display of
that frame. The frame identification should be an alphanumeric code or an
abbreviation which is prominently displayed in a consistent location. It
should be short enough (3-7 characters) and/or meaningful enough to be learned
and remembered easily.

5.15.3.2 Display content.

5.15.3.2.1 Standardization. The content of displays within a system shall
be presented in a consistent, standardized manner.

5.15.3.2.2 Information density. Information density shall be held to a
minimum in displays used for critical task sequences. A minimum of one
character space shall be left blank vertically above and below critical
information with a minimum of two character spaces left blank horizontally
before and after (see 5.15.3.1.5 and 5.15.3.3.1).

5.15.3.2.2.1 Crowded displays. When a display contains too much data for
presentation in a single frame, the data shall be partitioned into separately
displayable pages.
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5.15.3.2.2.2 Related data on same page. When partitioning displays into
multiple pages, tunctlonally related data items shall be displayed together on
one page.

5.15.3.2.2.3 Pa e labelin
~“

In a rnultipage display, each page shall be
labeled to show Its re at~on to the others.

5.15.3.2.3 Abbreviations and acronyms. Information shall be displayed in
plain concise text wherever possible. Abbreviations and acronyms shall
conform to MIL-STD-12, PIIL-STf)-411,or MIL-STD-783. New acronyms, if
required, shall be developed using the rules of abbreviation in MIL-STD-12.
Abbreviations should be distinctive to avoid confusion. Words should have
only one consistent abbreviation. No punctuation should be used in
abbreviations. Definitions of all abbreviations, mnemonics and codes should
be provided at the user’s request.

5.15.3.2.4 Data entry and display consistency. Data display word choice,
format, and style should be consistent with the requirements for data entry
and control.

5.15.3.2.5 Context for displayed data. The user should not have to rely on
memory to interpret new data; each data display should provide needed context,
including recapitulating prior data from prior displays as necessary.

5.15.3.3 Display codinq.

5.15.3.3.1 Use. Coding shall be mployed to differentiate between items of
information an~o call the user’s attention to changes in the state of the
system. Coding should be used for critical information, unusual values,
changed items, items to be changed, high priority messages, special areas of
the display, errors in entry, criticality of command entry, and targets.
Consistent, meaningful codes shall be used. Coding shall not reduce
legibility or increase transmission time.

5.15.3.3.2 Flash. Flash coding shall be employed to call the user’s
attention to m-n critical events only. No more than 2 flash rates shall
be used. Where one rate is used, the rate shall be between 3 and 5 flashes
per second. Where two rates are used, the second rate shall be less than
2 per second.

5.15.3.3.3 Brightness. Brightness intensity coding shall be employed only
to differentiate between an item of information and adjacent information. No
more than two levels of brightness shall be used. Each level shall be
separated from the nearest by at least a 2:1 ratio.

5.15.3.3.4 Pattern and location. Pattern and location coding shall be
employed to reduce user search time by restricting the area to be searched to
prescribed segments.

5.15.3.3.5 Underlining. Underlining may be employed to indicate unusual
values, errors in entry, changed items or items to be changed.
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5.15.3.3.6 Symbol and size. Symbol coding may be employed to enhance
information asslmllatlon from data displays. Symbols shall be analogs of the
event or system element they represent or be in general use and well known to
the expected users. Where size difference between symbols is employed, the
major dimensions of the larger shall be at least 150 percent of the major
dimension of the smaller with a maximum of three size levels permitted.

5.15.3.3.6.1 Special symbols. When special symbols are used to signal
critical conditions, they shall be used for only that purpose.

5.15.3.3.6.2
to mark a word,
by one space.

Markers close to words marked. When a special symbol is used
the symbol shall be separated from the beginning of the word

5.15.3.3.7 Color. Color cod~ng may be employed to differentiate between
classes of information in complex, dense, or critical displays. The colors
selected shall not conflict with the color associations specified in Table II.
Information shall not be coded solely by color If the data must be accessed
from monochromatic as well as color terminals or printed in hardcopy vers~ons.

5.15.3.3.8 Shape. Shape coding may be used for search and identification
tasks. When shape coding is used, the codes selected shall be based on
established standards or conventional meanings.

5.15.3.3.9 Brightness inversion. When a capability for brightness
inversion is available (so-called “reverse video”, where dark characters on a
bright background can be changed under computer control to bright on dark, or
vice versa), it may be used for highlighting critical items that require user
attention. When used for alerting purposes, brightness inversion shall be
reserved consistently for that purpose, and not be used for general
highlighting.

5.15.3.4 Dynamic displays.

5.15.3.4.1 Changing values. Changing alphanumeric values which the
operator must reliably read shall not be updated more often than once per
second. Changing values which the viewer uses to identify rate of change or
to read gross values shall not be updated faster than 5 times per second, nor
slower than 2 per second, when the display is to be considered as real-time.

5.15.3.4.2 U date rate.
+

The rate of update should be controllable by the
user and shall be etermlned by the use to be made of the information.

5.15.3.4.3 Display freeze. A display freeze mode shall be provided to
allow close scrutiny of any selected frame that is updated or advanced
automatically by the system. For frozen display frames, an option shall be
provided to allow resumption at the point of stoppage or at the current
real-time point.

5.15.3.4.4 Freeze feedback. An appropriate label shall be provided to
remind the operator when the display is in the freeze mode.
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5.15.3.5 Tabular data.

5.15.3.5.1 Use. Tabular data displays shall be used to present row-column
data to aid de~ed comparison of ordered sets of data.

5.15.3.5.2 Standard formats. Location of recurring data shall be similar
among all tabular data displayed and common throughout the system.

5.15.3.5.3 Arrangement. Tabular data shall be displayed in rows and
columns. If the data in the rows has order, the order shall be increasing
from left to right. If the data in the columns has order, the order shall be
increasing from top to bottom of the display.

5.15.3.5.4 Titles. When tabular data are divided into classifications, the
classification’~s shall be displayed and subclassification shall be
identified. When tabular data extend over more than one page vertically, the
columns shall be titled identically on each page.

5.15.3.5.5 Horizontal extension. Tabular displays should not extend over
more than one page horizontally.

5.15.3.5.6 Lists. Items in lists shall be arranged in a recognizable
order, such as=nological, alphabetical, sequential, functional, or
importance.

5.15.3.5.6.1 List lines. Each item in a list shall start on a new line.

5.15.3.5.6.2 Vertical extension. Where Ilsts extend over more than one
display page, the last llne of one page shall be the first line on the
succeeding page.

5.15.3.5.6.3 Marking multiline items in a list. Where a single item in a
list-continues for more than one llne, such Items shall be marked in some way
(e.g., blank line, indentation) so that the continuation of the itm is
obvious.

5.15.3.5.6.4 Arabic numerals. When listed items will be numbered, Arabic
numerals should be used rather than Roman.

5.15.3.5.6.5 Vertical ordering in multiple columns. Where items in a list
are displayed in multlple columns, Items shall be ordered vertically within
each column.

5.15.3.5.6.6 Hierarchic structure for long lists. Where lists are long and
must extend beyond more than one displayed page, a hierarchic structure shall
be used to permit the logical partitioning into related shorter lists.

5.15.3.5.7 Numeric punctuation. Long numeric fields should be punctuated
with spaces, commas, or slashes. Conventional punctuation schemes should be
used if in common usage. Where none exist a space should be used after every
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third or fourth digit. Leading zeros shall not be used in numerical data
except where needed for clarity.

5.15.3.5.8 Alphanumeric groupin$ Strings of alphanumerics should be
grouped into sets of three to five characters or grouped at natural breaks.
When a code consists of both letters and digits, common character types should
be grouped by common character type for ease of location.

5.15.3.5.9 Distinctive and informative labels. Rows and columns shall be
labeled distinctively to guide data entry.

5.15.3.5.10 Justification of numeric entry. Users shall be allowed to make
numeric entries in tables without concern for justification; the computer
shall right-justify integers, or else justify with respect to a decimal point
if present.

5.15.3.5.11 Labeling units of measurement. In tabular displays, the units
of displayed data shall be consistently included in the column labels.

5.15.3.5.12 Consistent column spacing. Column spacing within a table and
from one table ~orm and consistent.

5.15.3.5.13 Column scanning cues. A column separation of at least three
spaces shall be ma~ntalned.

5.15.3.5.14 Row scanning cues. In dense tables with many rows, a blank
line shall be inserted after a group of rows at regular intervals. No more
than five lines should be displayed without a blank line being inserted.

5.15.3.6 Graphic displays.

5.15.3.6.1 Use. Graphic data displays may be used to present assessment of
trend informat~, spatially structured data, time critical information or
relatively imprecise information.

5.15.3.6.2 Recurring data. See 5.15.3.1.6.

5.15.3.6.3 Refresh rates. Graphic displays which require user visual
integration of changing patterns shall be updated at the maximum refresh rate
of the display device consistent with the user’s information handling rates.

5.15.3.6.4 Graph axes. The axes of graphs shall be labeled and should be
graduated in accordance with 5.2.3.1.4, 5.2.3.1.5, and 5.2.3.1.6.

5.15.3.6.5 Trend lines. When trend lines are to be compared, multiple
lines should be used on a single graph.

5.15.3.6.6 Pointin
+“

Where graphic data entry involves frequent pointing
on a display sur ace, the user interface shall provide display control and
sequence control by pointing, in order to minimize shifts from one entry
device to another. For example, in drawing a flow chart, a user should be

258 —

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-1472D

able to link elements or points directly by pointing at them or drawing lines
between rather than by separately keyed entries.

5.15.3.6.7 Distinctive cursor. The current cursor position on graphic
displays shall be indicated by displaying some distinctive cursor symbol at
that point, e.g., a plus-sign, representing abbreviated cross-hairs whose
intersection can mark a position with reasonable precision.

5.15.3.6.8 Precise positioni Where data entry requires exact placement
of graphic elements, users shal be provided the capability for expansion of
the critical display area (e.g., zooming and panning) to make the positioning
task easier and more precise.

5.15.3.6.9 Confirming cursor position. For most graphics data entry,
pointing should be a dual act~on, with the first action positioning the cursor
at a desired position and the second action confirming that position to the
computer. An exception may be a design allowing “free-hand” drawing of
continuous lines where the computer must store and display a series of cursor
positions as they are entered by the user.

5.15.3.6.10 Selecting graphic elements. Users shall be provided some means
for designating and selecting displayed graphic elements for manipulation.
Normally-this function is performed by pointing where a pointing device is
provided for line drawing purposes.

5.15.3.6.11 Selectinq from displayed attributes. During graphic data
entry, users should be allowed to specify attributes for displayed elements
(e.g-.itext font, plotting symbol, line type) by selecting from displayed
samples illustrating the available options.

5.15.3.6.12 Displaying current attributes. During graphic data
entry/editing, the selected attributes that will affect current actions shall
be displayed for ready reference as a reminder @f current selections in
effect.

5.15.3.6.13 Easy storage and retrieval. An easy and convenient means shall
be provided for saving and retrieving graphic displays for their possible
re-use. The user should be allowed to designate filenames of his or her
choice for the stored graphic data.

5.15.3.6.14 Automatic data registration. The computer should provide
automatic registration or allgnment of computer-generated graphic data, so
that variable data are shown properly with respect to fixed background or data
map at any display scale.

5.15.3.6.15 Predefine graphic formats. Where graphic data must be plotted
in predefine standard formats (e.g., target areas on maps, flight plans),
templates or skeletal displays shall be provided for those formats to aid data
entry.
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5.15.3.6.16 Computer derivation of graphic data. When graphic data can be
derived from data already available in the computer, machine aids for that
purpose shall be provided.

5.15.3.6.17 Drawin
~“

When line drawing is required, users shall be
provided with aids or draw~ng straight line segments. When line segments
must join or intersect, computer aids shall be provided to aid in such
connection.

5.15.3.6.18 Drawing figures. When a user must draw figures, computer aids
shall be provided for that purpose (e.g., templates, tracing techniques,
stored forms).

5.15.3.6.19 Chanqing size. Hhen editing graphic data, users shall be
provided with the capability to change the size (scale) of any selected
element on the display, rather than delete and recreate the element in a
different size.

5.15.3.6.20 Highlighting critical data. when a user’s attention Rust be
directed to a portion of a graphic display showing critical or abnormal data,
that feature should be highlighted with some distinctive means of data coding.

5.15.3.6.21 Reference index. When a user must compare graphic data to some
significant level or critical value, a reference index or baseline shall be
included in the display.

5.15.3.6.22 Data annotation. When precise reading of a graphic display may
be required, the capability should be provided to supplement the graphic
representation with the actual numeric values.

5.15.3.6.23 Normal orientation for labels. The labels on dynamic graphic
displays shall remain with the top of the label up when the displayed image
rotates.

5.15.3.6.24 Pictorial symbols. Pictorial symbols (e.g., icons, pictograms)
should look like the obJects, features, or processes they represent.

5.15.3.6.25 Display of scale. When a map or other graphic display has been
expanded from its normal presentation, an indicator of the scale expansion
shall be provided.

5.15.3.6.26 Consistent scalinq. When users must compare graphic data
across a series of charts, the same scale should be used for each chart.

5.15.3.6.27 Sinqle scale only. Where graphs are presented, only a single
scale shall be shown In each axis, rather than including different scales for
different curves in the graph. If interpolation must be made or where
accuracy of reading graphic data is required, computer aids should be prov~ded
the user.
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Unobtrusive grids. When grid lines are displayed, they should
and shall not obscure data elements. Grid lines should be

displayed or suppressed at the option of the user.

5.15.3.6.29 Direct display of differences. Uhere users must evaluate the
difference between two sets of data, that difference should be plotted
directly as a curve in its own right, rather than requiring users to compare
visually the curves that represent the original data sets.

5.15.3.6.30 Bar graphs. Bar graphs should be used for comparing a sjngle
measure across a set of several entities or for a variable sampled at discrete
intervals.

5.15.3.6.30.1 Bar s acin
+“

Adjacent bars should be spaced closely enough,
normally not more t an one bar width, so that a direct visual comparison can
be made without eye movement.

5.15.3.6.30.2 Histograms (step charts). Histograms (bar graphs without
spaces between the bars) should be used where bar graphs are required and
where a great many intervals must be plotted.

5.15.3.7 Text/program editing.

5.15.3.7.1 Buffer. When inserting characters, words or phrases (e.g.,
editing), item~e inserted should be collected in a buffer area and
displayed in the prescribed insert area of the screen for subsequent insertion
by user command.

5.15.3.7.2 Presentation mode. Display mode rather than line mode should be

used for text editing.

5.15.3.7.3 Display window. ROLL and SCROLL commands should refer to the
display window, not the text/data; that is, the display window should appear
to the user to be an aperture moving over stationary text.

5.15.3.7.4 Editing commands. Editing commands, such as MOVE, COPY, and
DELETE, for adding, inserting, or deleting text/program segments shall be
provided.

5.15.3.7.4.1 Text edit commands. In text editing, editing commands should
be based on character, word, sentence, paragraph, and higher-order segments.

5.15.3.7.4.2 Program edit commands. In program editing, the special
commands shall be based on lines or subprograms. Program lines shall
reflect a numbering scheme for ease in editing and error correction. When
available, line-by-line syntax checking shall be under user control.

5.15.3.7.4.3 Tab controls. For editing programs or tabular data, cursor
tab controls or other provisions for establishing and moving readily from
field to field shall be provided.
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5.15.3.7.5 Editing commands. Where editing commands are made by keying
onto the display, the edltlng commands shall be readily distinguishable from
the displayed textual material.

5.15.3.7.6 Highlighted text. Where text has been specified to become the
subject of control entries (e.g., for underlining, holding, moving, copying,
or deleting), the affected segment of text shall be highlighted to indicate
its boundaries.

5.15.3.7.7 String search. The capability shall be provided to allow the
user to specify a string of text {words, phrases, or numbers) and request the
computer to advance (or back up) the cursor automatically to the next
occurrence of that string.

5.15.3.7.8 Automatic line break. An automatic line break (carriage return)
shall be provided when the text reaches the right margin for entry/editing of
unformatted text. User override shall be provided.

5.15.3.7.9 Format control. An easy means shall be provided for users to
specify required format control features during text entry/editing, e.g., to
specify margins, tab settings, line spacing, etc.

5.15.3.7.10 Predefine formats. When text formats must follow predefine
standards, the required format shall be provided automatically. Where text
formats are a user option, a convenient means should be provided to allow the
user to specify and store for future use the formats that have been generated
for particular applications.

5.15.3.7.11 Frequently used text. The capability shall be provided to
label and store frequently used text segments (e.g., signature blocks,
organizational names, call signs, coord~nates), and later to recall (copy Into
current text) stored segments identified by their assigned labels.

5.15.3.7.12 Text displayed as printed. Users should have the option of
displaying text as it will be printed, Including underlining, boldface,
subscript, superscript, special characters, special symbols, and different
styles and sizes of type. Where display of all possible features (e.g.,
special fonts) is impractical, format codes should be highlighted and
displayed within the text in order to mark the text that will be affected by
the code.

5.15.3.7.13 Control annotations. Where special formatting features are
indicated in the text by use of special codes or annotation, the insertion of
the special annotation should not disturb the spacing of the displayed text
and shall not disturb formatting of graphs and tables or alignment of rows and
columns.

5.15.3.7.14 Flexible printing options. In printing text, users shall be
allowed to select among available output formats (e.g., line spacing,
character size, margin size, heading, and footing) and to specify the pages of
a document to be printed.
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5.15.3.7.15 Head- and foot-of file. The means sha?l be pr~vided to readily
move the cursor to the head or the foot (end) of the file.

5.15.3.8 Audio displays.

5.15.3.8.1 Uses. Audio displays (signals), used as part of the
user-computer Interface, have application where:

~a The common mode of visual display is restricted by overburdening or
user mobility needs and it is desirable to cue, alert or warn the user, or

b. The user should be provided feedback after control actuation, data
entry, or completion of timing cycles and sequences.

5.15.3.8.2 Other requirements. Other audio design criteria apply: see
5.3.1, 5.3.2.1, and 5.3.2.3.

5.15.3,8.3 Supportive function - audio. Audio signals used in conjunction
with visual displays shall be supplementary to the visual signals and shall be
used to alert and direct the user’s attention to the appropriate visual
display.

5.15.3.8.4 Signal characteristics. Signals may be one time or
intermittent. Intermittent signals shall be automatically terminated when no
longer applicable, and by operator control.

5.15.3.8.5 Frequency. See 5.3.3.1.1.

5.15.3.8.6 Audibility. See 5.3.4.1

5.15.3.8.7 Alarm settings. When alarm signals are established on the basis
of user-defined loglc, users shall be permitted to obtain status information
concerning current alarm settings, in terms of dimensions (variables) covered
and values (categories) established as critical. Alarm status information is
particularly necessary in monitoring situations where responsibility may be
shifted from one user to another as in changes of shift.

5.15.4 Interactive control.

5.15.4.1 General. General design objectives include consistency of control
action, minimized need for control actions, and minimized memory load on the
user, with flexibility of interactive control to adapt to different user
needs. As a general principle, it is the user who should decide what needs
doing and when to do It. The selection of dialogue types should be based on
anticipated task requirements and user skills. Different types of dialogue
imply differences in system response time for effective cooperation.
Estimated relative requirements for user training and for system response time
are given in Table XXVIII.

5.15.4.1.1 Response time. System response times shall be consistent with
operational requirements. Required user response times shall be compatible
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with required system response time. Required user response times shall be
within the limits imposed by total user tasking expected in the operational
environment. (See 5.15.8)

5.15.4.1.1.1 Response time induced keyboard lockout. If computer
processing time requires delay of concurrent user Inputs and no keyboard
buffer is available, keyboard lockout shall occur until the computer can
accept the next transaction. An alert shall be displayed to indicate to the
user that lockout has occurred.

5.15.4.1.1.2 Keyboard restoration. Uhen the computer is ready to continue,
following response time-induced keyboard lockout, a signal to so
shall be-presented, e.g., cursor changes back to normal shape.

TABLE XXVIII. DIALOGUE TYPE VERSUS USER TRAINING AND SYSTEM

Required Tolerable Speed
Dialogue Ty~ User Traininq System Response

indicate

RESPONSE

of

Question and Answer None Moderate
(.5 to less than 2 sees)

Menu Selection None Very Fast
(less than .2 sees)

Form Filling Moderate SIOw
(greater than 2 sees)

Function Keys Moderate Very Fast
(less than .2 sees)

Command Language High Moderate/Slow
(.5 to greater than 2 sees)

Natural/Query Language Moderate Fast
(.2to less than .5 see)

Graphic Interaction High Very Fast
(less than .2 see)

5.15.4.1.1.3 Interrupt to end keyboard lockout. When keyboard lockout has
occurred, the user should be provided with a capability to abort a transaction
that has-resulted in an extended lockout. Such capability should act like an
UNOO command that stops ongoing processing and does not RESET the computer
thereby losing prior processing.

5.15.4.1.2 Sim licit Control/display relationships shall be
-;citmstraightforward Control actions shall be simple and direct,

whereas potentially destructive control actions shall require extended user
attention such they are not easily acted on.
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5.15.4.1.3 Accidental actuation. Provision shall be made to prevent
accidental actuation of potentially destructive control actions, including the
possibility of accidental erasure or memory dump.

5.15.4.1.4 Compatibility with user skill. Controls shall be compatible
with the lowest anticipated user skill levels. Experienced users should have
options which shortcut intervening steps necessary for inexperienced users.

5.15.4.1.5 Availability of information. Information necessary to select or
enter a specific control action shall be available to the user when selection
of that control action is appropriate.

5.15.4.1.6 Concurrent display. Control actions to be selected from a
discrete set of alternatives shall have those alternatives displayed prior to
the time of selection. The current value of any parameter or variable with
which the user is interacting shall be displayed. User control inputs shall
result in a positive feedback response displayed to indicate performance of
requested actions.

5.15.4.1.7 Hierarchical ~rocess. When hierarchical levels are used to
control a process or sequence, the number of levels shall be minimized.
Display and input formats shall be similar within levels and the system shall, “

indicate the current positions within the sequence at all times.

5.15.4.1.8 User memorization. The requirement to learn mnemonics, codes,
special or long sequences, or special instructions shall be minimized.

5.15.4.1.9 Dialogue type. The choice of dialogue type (e.g., form filling,
menus, command language) for interactive control shall be compatible with user
characteristics and task requirements.

5.15.4.1.10 Number system. Mhen numerjc data is displayed or required for
control input, such data shall be in the decimal, rather than binary, octal,
hexadecimal or other number system.

5.15.4.1.11 Data manipulation. The user should be able to manipulate data
without concern for internal storage and retrieval mechanisms of the system.

5.15.4.1.12 Computer processing constraints. The sequence of transaction
selection should generally be dictated by user choices and not by internal
computer processing constraints.

5.15.4.1.13 Feedback for correct input. Control feedback responses to
correct user input shall consist of changes in state or value of those
elements of the displays which are being controlled in an expected and
logically natural form-. An acknowledgefient message shall be employed only in
those cases where the more conventional mechanism is not appropriate or where
feedback response tlrrtemust exceed one second.
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5.15.4.1.14 Feedback for erroneous input. Where control input errors are
detected by the system (see 5.15./.2 ), error messages shall be available as
provided in 5.15.7.5, and error recovery procedures shall be as provided in
5.15.7.8.

5.15.4.1.15 Control input data display. The presence and location of
control input data entered by the user shall be clearly and appropriately
indicated. Data displayed should not mislead the user with regard to
nomenclature, units of ~easure, sequence of task steps, or time phasing.

5.15.4.1.16 Originator identification. Except for broadcast communication
systems, the transmitter of each message in inter-user communications should
be identified--automatically, if possible.

5.15.4.2 Menu selection.

5.15.4.2.1 Use. Menu selection interactive control should be used for
tasks that inv~e little or no entry of arbitrary data and where users may
have relatively little training. It should also be used when a command set is
so large that users are not likely to be able to commit all of the commands to
memo ry.

5.15.4.2.2 Selection.

5.15.4.2.2.1 Devices. Lightpens or other pointing devices (including touch
technology) shou~sed for menu selection. (See also Section 5.4.6 Touch
Screen Controls for Displays). Where design constraints do not permit
oointinq devices, a standard window should be provided for the user to key the
selected option code. If menu selection is accomplished by pointing, dual
actions should be provided. The first action should designate the selected
option. This should be followed by a separate action to enter the selection
into the computer program.

5.15.4.2.2.2 Titles. Each
clarifies the purpose of that

5.15.4.2.2.3 Series entry.

page of options (menu) should have a title that
menu.

Users should be provided the capability to
stack menu selections, i.e., to make several menu selections without having
each menu displayed.

5.15.4.2.2.4 Sequences. A menu shall not consist of a long list of
multi-page options, but shall be logically segmented to allow several
sequential selections among a few alternatives.

5.15.4.2.3 Active option presentation. The system shall present only menu
selections for actions which are currently available.

5.15.4.2.4 Format consistency. Menus shall be presented in a consistent
format throughout the system and should be readily available at all times.
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Option sequence. Menu selections shall be listed in a logical
no logical order exists, in the order of frequency of use.

SimDle menus. When the number of selections can fit on one page
tn no nore than two columns, a simple nenu shall be used. If the selection
options exceed two columns, hierarchical menus may be used.

5.15.4.2.7 Option presentation. Selection codes and associated descriptors
shall be presented on s~ngle Ilnes.

5.15.4.2.8 Direct function call. If several levels of hierarchical menus
are Drovided. a direct function call capability shall be provided such that
the experienced user does not have to step through multiple menu levels.

5.15.4.2.9 Consistency with command language. When menu selection is
employed to train in the use of a command language, the wording and order
shall be consistent with the command language.

5.15.4.2.10 Option coding. When selections are indicated by coded entry,
the code associated with each option shall be included on the display in some
consistent manner.

5.15.4.2.11 Keyed codes. If menu selections must be made by keyed codes,
the options sha~{ by the first several letters of their displayed
labels rather than by more arbitrary numeric codes. In defining the codes,
however, they should not duplicate any other user function codes.

5.15.4.2.12 Position in structure. When menu traversal can be accomplished
by-clearly defined hierarchical paths, the user should be given some s
i~dicatio~ of the displayed menu”’s current position in the-overall or relevant
structure, such as by having an optional disp?ay of “path” information.
A menu tree showing the menu hierarchy should be included in the user manual.

5.15.4.2.13 Back menu When using hierarchical menus, the user shall be
able to return to the next higher level by using single key action until the
initial, top-level menu or display is reached.

5.15.4.2.14 Return to top level. A function shall be provided to directly
recall the initial, top-level menu or display without stepping through the
menu or display hierarchy.

5.15.4.3 Form fillinq.

5.15.4.3.1 Use. Form filling interactive control may be used where some
flexibility in~ta to be entered is needed and where the users will have
moderate training. A form-filling dialogue should not be used when the
computer must handle multiple types of forms and the computer response is
slow.

5.15.4.3.2 Grouping. Displayed forms shall be arranged such that related
items are grouped together.
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5.15.4.3.3 Format and content consistence. The fo~at and content Of
displayed forms shall be perceptually related to that of paper forms if paper
forms are used to guide data entry. A standard input form should be used.

5.15.4.3.4 Distinctiveness of fields. Fields or groups of fields shall be
separated by spaces, lines, or other delineation cues. Requjred fields shall
be distinguished from optional fields.

5.15.4.3.5 Field labels. Field labels shall be distinctively presented
such that they can be c!lstingu~shed from data entry. Labels for data entry
fields shall incorporate additional cueing of data format where the entry is
made up of multiple inputs, e.g., DATE (M/D/Y): / / ●

5.15.4.3.6 Cursor. A displayed cursor shall be Positioned by the system at
the first data= field when the form is displayed. The cursor shall be
advanced by a tab key to the next data entry field when the user has completed
entry of the current field.

5.15.4.3.7 Entry length Indication. The maximum acceptable length for
variable length fields shall be indicated.

5.15.4.3.8 Overwriting
+“

Data entry by overwriting a set of characters in a
field (such as a de au t should not be used.

5.15.4.3.9 Unused underscores. When an item length is variable, the user
shall not have to remove unused underscores.

5.15.4.3.10 Dimensional units. When a consistent dimensional unit is used
in a given entry f~eld, the dimensional unit shall be provided by the
computer. when the dimensional unit varies for a given field, it should be
provided, or selected, by the user.

5.15.4.3.11 User om”ssions. When required data entries have not been
input, the omission shall be indicated to the user and either immediate or
delayed input of the missing items should be allowed. For delayed entry, the
user should be required to enter a special symbol in the field to indicate
that the missing item is delayed, not overlooked.

5.15.4.3.12 Non-entry areas. Non-entry (protected) areas of the display
shall be designated and made Inaccessible to the user via the cursor.

5.15.4.3.13 Flexible data entry. When multiple data items are entered as a
single transaction, the user shall be allowed to re-enter, change, or cancel
any item before taking a final ENTER action.

5.15.4.3.14 Informative labels. Descriptive wording shall be employed when
labeling data fields; use ot arbitrary codes shall be avoided.

5.15.4.3.15 Logical order. Where no source document or external
information is involved, forms should be designed so that data ftems are
ordered in a logical sequence for input,
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5.15.4.3.16 Form filling for control entry. Form filling should be
considered as an aid for composing complex control entries. For example, for
a print request, a displayed” form-might help a user invoke the various format
controls that are available.

5.15.4.4 Fixed function keys. Fixed function key interactive control may
be used for tasks requiring onry a limited number of control inputs or in
conjunction with other dialogue types. (See 5.15.2.3)

5.15.4.5 Command language.

5.15.4.5.1 Use. Command language interactive control may be used for tasks
involving a wi~range of user inputs and where user familiarity with the
system can take advantage of the flexibility and speed of the control
technique.

5.15.4.5.2 User viewpoint. A command language shall reflect the user’s
point of view such that the commands are logically related to the user’s
conception of what is being done.

5.15.4.5.3 Distinctiveness. Command names shall be distinctive from one
another.

5.15.4.5.4 Punctuation. The command language shall contain a minimum of
punctuation or other special characters.

5.15.4.5.5 Abbreviations. The user shall be permitted to enter the full
command name or an abbreviation for any command of more than 5 characters.

5.15.4.5.6 Standardization. All commands and their abbreviations, if any,
shall be standardized and consistent with MIL-STD-12, MIL-STD-411 or
MIL-STD-783.

5.15.4.5.7 Displayed location. Commands shall be entered and displayed in
a standard locatlon on the display.

5.15.4.5.8 Command prompts. The user shall be able to request prompts, as
necessary, to determine required parameters or available options for an
appropriate next command entry.

5.15.4.5.9 Corn lexit
+“

The command language should be programmed in layers
of complexity suc t at the basic layer will allow the inexperienced user to
controi a transaction. As this person’s skill increases, the command language
should allow skipping from basic to more advanced layers to meet the user’s
current needs.

5.15.4.5.10 User definition of macro commands. The programming shall not
accept a user designated macro name that IS the same as an existing command
name.
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5.15.4.5.11 Standard techniques for command editing. Users shall be
allowed to edit erroneous command entries with the same techniques that are
employed to edit data entries since consistent editing techniques will speed
learning and reduce errors.

5.15.4.5.12 Destructive commands. Where a command entry may have
disruptive consequences, the user shall be required to review and confirm a
displayed interpretation of the command before it is executed.

5.15.4.6 Question and answer.

5.15.4.6.1 Use. Question-and-answer dialogues should be considered for
routine data e=y tasks, where data items are known and their ordering can be
constrained, where users wIII have little or no training, and where the
computer is expected to have medium response speed.

5.15.4.6.2 Questions displayed separately. Each question should be
displayed separately in question-and-answer dialogues; users should not be
required to answer several questions at once.

5.15.4.6.3 Recapitulating prior answers. When a series of computer-posed
questions are interrelated, answers to previous questions should be displayed
when those will provide context to help a user answer the current question.

5.15.4.6.4 Source document capability. When questions prompt entry of data
from a source document, the question sequence shall match the data sequence
in the source document.

5.15.4.7 Query languaqe.

5.15.4.7.1 Use. Query language dialogue should be used for tasks
emphasizing un~dictable information retrieval (as in many analysis and
planning tasks), with moderately trained users.

5.15.4.7.2 Natural organization of data. Query languages should reflect a
data structure or organization perceived by users to be natural. For example,
if a user supposes that all data about a particular topic are stored in one
place, then the query language should permit such data to be retrieved by a
single query, even though actual computer storage might carry the various data
in different files.

5.15.4.7.3 Coherent representation of data organization. A single
representation ot the data organization for use in query formulation should be
established, e.g., if different queries will access different data bases over
different routes, the user should not necessarily need to know this.

5.15.4.7.4 Task-oriented wording. The wording of a query should simply
specify what data are requested; a user should not have to tell the computer
how to find the data.
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5.15.4 .7.5 Logic to link queries. The query language should be designed to
include logic elements that permit users to link (e~g., “and,” “or”)
sequential queries as a single entry.

5.15.4.7.6 Confirming large-scale retrieval. If a query will result in a
large-scale data retrieval, the user shall be required to confirm the
transaction or else take further action to narrow the query before processing.

5.15.4.8 Graphic interaction.

5.15.4.8.1 Use. Graphic interaction as a dialogue may be considered for
use by casual ~rs to provide graphic aids as a supplement to other types of
interactive control.

5.15.4.8.2 lconic mentis. Nhen system users have different linguistic
backgrounds, graphic menus may be used which display icons to represent the
control options.

5.15.4.8.3 Supplementary verbal labels. Where icons are used to represent
control actions In menus, verbal labels shall be displayed with each icon to
help assure that its intended meaning will be understood.

5.15.5 Feedback.

5.15.5.1 Use. Feedback shall be provided which presents status information,
confirmation~ and verification throughout the interaction.

5.15.5.2 Stand-by. When system functioning requires the user to stand-by,
WORKING, BUSY, or WAIT messages should be displayed until User interaction is
again possible. Where the delay is likely to exceed 15 seconds, the user
should be informed. For delays exceeding 60 seconds, a count-down display
should show delay time remaining (see also 5.15.8).

5.15.5.3 Process outcome. When a control process or sequence Is completed
or aborted by the system, positive indication shall be presented to the user
concerning the outcome of the process and the requirements for subsequent user
action.

5.15.5.4 Input confirmation. Confirmation shall not cause displayed data
removal .

5.15.5.5 Current modes. When multiple modes of operation exist, a means
should be provided to remind the user of the current mode.

5.15.5.6 Highlighted option selection. When a displayed message or datum
is selected as an option or input to the system, the subject item shall be
highlighted to indicate acknowledgment by the system.

5.15.5.7 User input rejection. If the system rejects a user input,
feedback shall be provided to indicate the reason for rejection and the
required corrective action. Feedback should be self explanatory.
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5.15.5.8 Feedback message content. Users shall not be required to
translate feedback messages by use of reference system or code sheets.
Abbreviations shall not be used unless necessary.

5.15.5.9 Time-consuming processes. The system shall give warning
information when a command is invoked which will be time consuming or
expensive to process.

5.15.6 Prompts.

5.15.6.1 Use. Prompts and help instructions shall be used to explain
commands, er~ messages, system capabilities, display formats, procedures,
and sequences and to provide data. Prompting should conform to the following:

a. When operating in special modes the system should display the mode
designation and file(s) being processed.

b. Before processing any user requests which would result in extensive or
final changes to existing data, the system should require user confirmation.

c. When missing data are detected, the system shall prompt the user.

d. Uhen data entries or changes will be nullified by an abort action, the
user should be requested to confirm the abort.

e. Neither humor nor admonishment should be used in structuring messages;
the dialog should be strictly factual and informative for the user.

f. Error messages should appear as close as possible tc the user entry
that caused the message.

!3* If a user repeats an entry error, the second error message should be
revised to include a noticeable change so that the user may be certain that
the computer has processed the attempted correction.

5.15.6.2 Standard display. Prompting messages shall be displayed in a
standardized area of the displays.

5.15.6.3 Explicit prompts. Prompts and help instructions for
systemcontro~ led dialogue shall be explicit and the user shall not be required
to memorize lengthy sequences or refer to secondary written procedural
references.

5.15.6.4 Prompt clarity. Prompts shall be clear and understandable. They
shall not require reference to coding schemes or conventions which may be
unfamiliar to occasional users.

5.15.6.5 Definitions. A dictionary of abbreviations and codes shall be
available on-llne. Definitions of allowable options and ranges of values
should be displayable at the user’s request.
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5.15.6.6 Consistent terminology. On-1ine documentation, Off-line
documentation, and help instructions shall use consistent terminology.

5.15.6.7 User confirmation. User acceptance of stored data or defaults
shall be possible by a single confirming keystroke.

5.15.7 Default.

5.15.7.1 Workload reduction. Default values shall be used to reduce user
workload. Currently defined default values should be displayed automatically
in their appropriate data fields with the initiation of a data entry
transaction and the user shall indicate acceptance of the default.

5.15.7.2 User selection. The user should have the option of generating
default values based on operational experience if the systems designer cannot
predefine appropriate values.

5.15.7.3 Default substitution. The user shall be able to replace any
default value during a given transaction without changing the default
definition.

5.15.7.4 Defaults for sequential entries. Where a series of default values
have been defined for a data entry sequence, the user shall be allowed to
default all entries or to default until the next required entry. The
experienced user may not wish to accept each default value for each data field
individually.

5.15.8 Error management/data protection.

5.15.8.1 Error correction. Where users are required to make entries into a
system, an easy means shall be provided for correcting erroneous entries. The
system shall permit correction of individual errors without requiring re-entry
of correctly entered commands or data elements.

5.15.8.2 Early detection. A capability should be provided to facilitate
detection and correction of errors after keying in, but before entering into
the system. While it is desirable that errors be detected early, error
checking should occur at logical data entry breaks, e.g., at the end of data
fields rather than character-by-character, in order to avoid disrupting the
user.

5.15.8.3 Internal software checks. User errors shall be minimized by use
of internal software checks of user entries for validity of item, sequence of
entry, completeness of entry, and range of value.

5.15.8.4 Critical entries. The system shall require the user to
acknowledge crltlcal entries prior to their being implemented by the system.
An explicitly labeled CONFIRM function key, different from the ENTER key,
should be provided for user confirmation of control and data entries that have
been questioned by the computer.
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5.15.8.5 Error message content. Error messages shall be constructive and
neutral in tone, avoiding phrases that suggest a judgment of the user’s
behavior. The error messages shall reflect the user’s view, not that of the
programmer. Error messages should be appropriate to the user’s level of
training, be as specific as possible to the user’s particular application, and
describe a way to remedy, recover, or escape from the error situation.

5.15.8.6 Error recovery and process change. The user shall be able to stop
the control process at any point in a sequence as a result of indicated error
or as an option. The user shall be able to return easily to previous levels
in multi-step processes in order to nullify an error or to effect a desired
change.

5.15.8.7 Diagnostic information. Error messages shall explicitly provide
as nuch diagnostic lntomatlon and remedial direction as can be inferred
reliably from the error condition. Where clear inference is not possible,
probable helpful inference(s) may be offered.

5.15.8.8 Correction entry and confirmation. When the user enters
correction of an error, such corrections shall be implemented by an explicit
action by the user (e.g., actuation of an ENTER key.) All error corrections
by the user shall be acknowledged by the systems either by indicating a
correct entry has been made or by another error message.

5.15.8.9 Spelling errors. Spelling and other common errors shall not
produce valid system commands or initiate transactions different from those
intended. When possible, the system shall recognize common misspellings of
commands and execute the commands as if spelling had been correct. Computer-
corrected commands, values, and spellings shall be displayed and highlighted
for user confirmation.

5.15.8.10 Errors in stacked commands. To prompt for corrections of an
error in stacked commands, the system shall display the stacked sequence with
the error highlighted. Where possible, a procedure shall be provided to
correct the error and salvage the stack.

5.15.8.11 Display of erroneous entries. A computer-detected error, as well
as the error message, shall be continuously displayed until the error is
corrected.

5.15.8.12 Help. In addition to explicit error management aids, (labels,
prompts, advisory messages) and implicit aids (cueing), users should be able
to obtain further on-line guidance by requesting HELP. Following the output
of a simple error message, users should be permitted to request a more
detailed discussion at levels of increasing detail.

5.15.8.12.1 Standard action to request HELP. A simple, standard action
that is always available should be provided to request HELP.

5.15.8.12.2 Multilevel HELP. When an initial HELP display provides only
summary information, more detailed explanations should be provided in resoonse
to repeated user requests for HELP.
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5.15.8.12.3 Browsin
‘~”

Users should be permitted to browse through
on-line HELP dlsp ays, Just as they would through a printed manual, to gain
familiarity with system functions and operating procedures.

5.15.8.13 Data security. Data shall be protected from unauthorized use,
potential loss from equipment failure, and user errors.

5.15.8.13.1 Automated security measures. Automated measures shall be
provided to minimize data loss from intruders in a system or from errors by
legitimate users.

5.15.8.13.2 Warninq of threats to security. Computer logic shall be
provided that will generate messages and/or alarm signals in order to warn
users of attempted intrusion by unauthorized users.

5.15.8.13.3 Segregating real from simulated data. When simulated data and
system functions are provided (perhaps for user training), real data shall be
protected and real system use shall be clearly distinguished from all
simulated operations.

5.15.8.13.4 Display of simulated data. In applications where either real
or simulated data can be displayed, a clear indication of simulated data shall
be included as part of the classification label.

5.15.8.13.5 Displayed security classification. When displayed data are
classified for secur~ty purposes, a prominent indication of security
classification level shall be labeled in each display.

5.15.8.13.6 User identification. User identification procedures shall be
as simple as possible, cons~stent with adequate data protection. For
protection of the password, the password shall not be echoed on the display.
See 5.15.1.2. Audio feedback, rather than visual, shall be provided when
inputing secure passwords during log-on.

5.15.8.13.7 Choice of passwords. When passwords are required, users shall
be allowed to choose their own passwords since a password chosen by a user
will qenerally be easier for that individual to remember. Guidelines for
passw;rd sele~tion shall be given so that users will not choose easily
guessable ones.

5.15.8.13.8 Changing passwords. Users should be allowed to change
passwords whenever they choose; all passwords should be changed at periodic
intervals.

5.15.9 S stem response time. Maximum system response times for real-time
systems (e~go, fire control systems, command and control systems) shall not
exceed the values of Table XXIX. Non-real-time systems may permit relaxed
response times. If computer response time will exceed 15 seconds, the user
should be given a message indicating that the system is responding.

5.15.10 Other requirements.
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System
Interpretation

Key Response

Key Print

Page Turn

Page Scan

XY Entry

Function

Pointing

Sketching

Local Update

Host Update

File Update

Inquiry (Simple)

Inquiry (Complex)

Error Feedback

MIL-STD-1472D

Table XXIX. System Response Times

ResDonse Time Definition

Key depression until positive
response; for example, “click”

Key depression until appearance of
character

End of request until first few
lines are visible

End of request until text begins
to scroll

From selection of field until visual
verification

From selection of command until
response

From input of point to display point

From input of point to display of line

Change to image using local data base;
for example, new menu list from
display buffer

Change where data is at host in
readily accessible form; for example,
a scale change of existing image

Image update requires an access to a
host file

From command until display of a
commonly used message

Response message requires seldom used
calculations in graphic form

From entry of input until error
message appears

—

Maximum
Acceptable
Response
Time (Sees)

“001

0.2

1•0

0.5

0.2

2.0

002

0.2

0.5

200

10.0

200

10.0

2.0
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5.15.10.1 Overlays. Mechanical overlays, such as coverings over the
keyboard or transparent sheets placed on the display, shall be avoided.

5.15.10.2 Hard copy. The user shall have the capability to obtain a paper
copy of the exact contents of the alphanumeric or digital graphic display in
those systems where:

a) Mass storage is restricted.

b) Mass stored data can be lost by power interruption, or

c) Record keeping is required.

e“5.15.10.2.1 Dis la The user shall be able to print a display by
simple request, PRINT-SCREE!!) without having to take a series of other
actions first, such as calling for the display to be filed, specifying a
filename, then calling for a print of that named file.

5.15.10.2.2 Print a e.
+

The user shall have the capability to request
printing of a s~ng e page, or sequence of pages, by specifying the page
numbers.

5.15.11 Data and message transmission. See 5.15.8.13.1 and 5.15.8.13.2.

5.15.11.1 Functional integration. Data transmission functions shall be
integrated with other information handling functions within a system. A user
should be able to transmit data using the same computer system and procedures
used for general entry, display and other processing of data.

5.15.11.2 Consistent procedures. Procedures for preparing, sending and
receiving data and messages shall be consistent from one transaction to
another, and consistent with procedures for other information handljng tasks.

5.15.11.3 Minimal memory load on users. The data transmission procedures
should minimize memory load on the users by providing computer aids for
automatic insertion of standard information, such as headers and distribution
lists.

5.15.11.4 Interrupte Users should be allowed to interrupt message
preparation, review, or disposition and then resume any of those tasks from
the” point of interruption.

5.15.11.5 Stored message forms. Where message formats conform to a defined
standard or are predictable in other ways, prestored forms shall be provided
to aid users in message preparation.

5.15.11.6 Incorporate existing files. Users should be allowed to
incorporate an exlstlng data file In a message, or to combine several files
into a single message for transmission and to combine stored data with new
data when preparing messages for transmission. It should not be necessary to
re-enter any data already entered for other purposes.
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5.15.11.7 Addresses.

5.15.11.7.1 Prompting address entry. When users must specify the address
for messages, prompting should be provided to guide the user in the process.

5.15.11.7.2 Address directory. Users should be provided with an on-line
directory showing all acceptable forms of message addressing for each
destination in the system, and for links to external systems.

5.15.11.7.3 Aids for directory search. Computer aids should be provided so
that a user can search an address directory by specifying a complete or
partial name. It should also be possible to extract selected addresses from a
directory for direct insertion into a header in order to specify the
destination(s) for a message.
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6. NOTES

(This section contains information of a general or explanatory nature that
may be helpful , but is not mandatory.)

6.1 Intended use. This standard is intended for use as design criteria for
military systems, equipment, and facilities, cited contractually in system
specifications and elsewhere, and for use as a basis for structuring that part
of human factors testing where design characteristics are assessed for
purposes of acceptance. It is not intended for use to express binding
requirements in conceptual and other early acquisition phases. The standard
may be applied to traditional, as well as non-developmental item (NDI)
acquisitions.

6.2 Issue of DODISS. When this standard is used in acquisition, the
applicable issue of the DODISS must be cited in the solicitation (see 2.1.1
and 2.2).

6.3 Subject term (key word) listing.

Aerospace Vehicles
Anthropometry
Controls
Control/display integration
Design
Displays
Environment
Ergonomics
Hazards
Human engineering
Human factors
Labeling
Maintainer
Safety
Remote handling
User-computer interface
Vehicles
Workspace

6.4 Changes from previous issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
extensiveness of the changes.
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APPENDIX

GUIDANCE DOCUMENTS

10 SCOPE

The documents listed in this appendix provide supplementary information,
criteria, and guidance that may be used, as applicable, to assist the designer
in complyjng with the requirements of this standard. Their application is not

to be regarded as mandatory, unless so specified by the procuring activity.

20 TRI-SERVICE PUBLICATIONS

C)OD-HDBK-763

MIL-H-46855

MIL-HDBK-141

TB MED 81
NAVMED P-5052-29
AFP 161-11

TB MED 507
NAVMED P-5052-5
AFP 16~-1

CSC-STD-002-85

30 ARMY PUBLICATIONS

30.1 Regulations

AR 40-10

AR 40-14

AR 385-16

AR 700-52

Human Engineering Procedures Guide

Human Engineering Requirements for Military Systems,
Equipment and Facilities

Optical Design

Cold Injury

Prevention, Treatment and Control of Heat Injury

Department of Defense Password Management Guide
(Fort George G. Meade, MD: Department of Defense
Security Center.)

Health Hazard Assessment Program in Support of the
Army Materiel Acquisition Decision Process

Control and Recording Procedures, Occupational
Exposure to Ionizing Radiation

Safety for Systems, Associated Subsystems and
Equipment

Licensing and Control of Sources of lon~zing
Radiation
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30.2

30.3

30.4

40

Pamphlets & Bulletins

AMCP 706-134 Maintainability Guide for Design (AD 823 539)

TB !lED 62 Diagnostic X-Ray, Therapeutic X-Ray, and Gamma Beam
Protection for Energies up to 10 Million Electron
volts

T6 MED 501 t-tearingConservation

TB MED 270 Control of Hazards to Health from Microwave Radiation

TB MED 279 Control of Hazards to Health from Laser Radiation

TB MED 288 Medical Problems of Man at High Terrestrial
Elevations

Design Criteria Handbook

MIL-HDBK-759

DOD-HDBK-761

Aviation Sys Command
AVSCOM Rept 75-47

Natick Laboratories
TR EPT-2

Natick Laboratories
TR 73-51-CE

USAAMRDL
TR 71-22

USAHEL TM 4-77

tlAVY PUBLICATIONS

40.1 Manual

NAVAIR 00-807-99

Human Factors Engineering Design for Army
Materiel

Human Engineering Guide for Management
Information Systems

Study to Detemnine the Impact of Aircrew
Anthropometry on Airframe Configuration

Reference Anthropometry of the Arctic
Equipped Soldier (AD 449 4831)

The Carrying of Loads within an Infantry
Company (AD 762 559)

Crash Survival Design Guide (Revised 1971)

A Human Factors Evaluation of a Vertical Scale
Instrument Display System for the OV-lD Aircraft
(AD A03 6050)

U.S. Naval Aerospace Physiologist’s Manual, 1972
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40.2 Reports

!’L4TCRept TM 77-1 SY

NAMRL Report 1164

NAVMISCEN Report
1P-74-6

NAVSHIPS 94323

NEL Report 688

NRL Report 155

PACMISTESTCEN
Report TM-75-46

PACMISTESTCEN
Report TP-75-49

PACMISTESTCEN
Report TP-76-I

PACMISTESTCEN
Report TP-76-36

PACMISTESTCEN
Report TP-76-46

40.2 Notes

NAVMEDNOTE 6260

Analysis of Flight Clothing Effects on
Aircrew Station Geometry (AD A046260)

Empirical Reduction in Potential User Population
as the Result of Imposed Multivariate
Anthropometric Limits (AD 752 032)

Reduction in Potential User Population as
the Result of Imposed Anthropometric Limits:
Monte Carlo Estimation (AD 919 319L)

iiurnanEngineering Guidelines for Maintainability

Listening to Differentially Filtered Competing
Voice Messages

Premodulation Speech Clipplng and Filtering:
Their Effects on the Intelligibility of Speech

The Accommodated Proportion of a Potential User
Population: Compilation and Comparisons of
Methods for Estimation

Computerized Accommodated Percentage (CAPE)
Model for Cockpit Analysis and other Exclusion
Studies (AD 6008 948L)

Improved Seat, Console and Workplace Design
(AD A040 479)

Recommended Human Exposure Limits for Very-Low-
Frequency Vibration

Computerized Accommodated Percentage Evaluation:
Review and Prospectus (AD A035 205)

Hazardous Noise Areas, Equipment, Machine and
Tools; Identification of

50 AIR FORCE PUBLICATIONS

50.1 Manuals

AFM 127-201 Missile Safety Handbook

AFP 160-6-7 Maximum Permissible Body Burdens and Maximum
Permissible Concentrations of Radio-Nuclides in
Air and Mater for Occupational Exposure
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50.2 Reports

AFSWC TR 59-11

AFSWC TR 59-12

AFSWC TR 59-13

AMRL TDR 64-59

AMRL TR 65-73

AMRL TR 66-27

AMRL TR 68-24

AMRL TR 69-6

AMRL TR 70-114

ASD TR 61-381

ASD TR 61-424

ESD TR 62-4

ESD TR 63-403

ESD TR 86-278

FDL TDR 64-86

RADC TDR-63-315

Human Factors Handbook for Design of Transporting,
Positioning, and Lifting Ground Support Equipment
(AD 227 311)

Human Factors Handbook for Design of Testing and
Monitoring Ground Support Equipment (AD 227 312)

Human Factors Handbook for Design of Protective
and Storage Ground Support Equipment (AD 227 313)

Reach Capability of the USAF Population (AD 608 269)

Anthropometry of Common Working positions
(AD 632 241)

Aperture Sizes and Depths of Reach for One and
Two-i-landedTasks (AD 646 716)

Clearance and Performance Values for the Bare-Handed
and the Pressure-Gloved (AD 681 457)

Anthropometric Dimensions of Air Force Pressure-
Suited Personnel for Workspace and Design Criteria
(AD 697 022)

Horizontal Static Forces Exerted by Men Standing in
Common Working Positions on Surfaces of Various
Tractions (AD 720 252)

Guide to the Design of Mechanical Equipment for
Maintainability (AD 271 477)

Guide to Integrated System Design for
Maintainability (AD 271 477)

A Test of the 20 Band and Octave Band Methods of
Computing the Articulation Index (AD 271 606)

Psychoacoustic Speech Test: A Modified Rhyme Test

Guidelines for Designing User Interface Software
(AD-A 177 198)

Investigation of Aerospace Vehicle Crew Station
Criteria (AD 452 187)

Criteria for Group Display Chains for The 1962-1965
Time Period (AD 283 390)
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WADC TR 52-204 Handbook of Acoustic Noise Control (AD 18 260)

WADC TR 54-520 The Anthropometry of Work Positions (AD 110 573)

WADC TR 55-159 Space Requirements of the Seated Operator (AD 87 892)

WADC TR 56-218 Guide to the Design of Electronic Equipment for
Maintainability (AD 101 729)

WADC TN 57-248 Acoustical Criteria for Iiork Spaces, Living Quarters,
and Other Areas on Air Bases (AD 130 839)

WADD TR 58-474 The Effect of Team Size and Intermember Communication
on decision-Making Performance {AD 215 621)

WADD TR 60-814 Audio Warning Signals for Air Force Weapon Systems
(AD 258 477)

50.3 Air Force Systems Command Design Handbooks

Copies of Air Force Systems Command design criteria handbooks may be
obtained by nongovernmental organizations when compliance therewith is
required by a Government contract, or when possession of the handbook will
otherwise benefit the Government. Requests for the following handbooks should
be directed to 4950/TZHM, Wright-Patterson AFB, OH 45433:

AFSC DH 1-1 General Index and Reference

AFSC Dtt1-3 Human Factors Engineering

AFSC DH 1-6 System Safety

AFSC DH 2-1 Airframe

AFSC DH 2-2 Crew Stations and Passenger Accommodations

AFSC DH 2-3 Propulsion and Power

AFSC DH 2-6 Ground Equipment and Facilities

60 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION PUBLICATIONS

60.1 Standards

(Copies of the following documents can be obtained by qualified
requesters from !1S1S Custodian/SP34, NASA-Johnson Space Center, Houston, TX
77058)
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NASA-STD-3000, Volume I Man-Systems Integration Standards

NASA-STD-3000, Volume II Man-Systems Integration Standards-Appendices

60.2 Book

Copies of the following documents can be obtained fron the Superintendent
of Documents, U.S. Government Printing Office, Washington, DC 20402

Bioastronautics Data Book, Second Edition, J.F. Parker and V. R. West,
eds., NASA SP-3006.

70 VOLUNTARY STANDARDS AND GUIDES

70.1 Iknerican National Standards Institute (ANSI)

Copies of.the following standards can be obtained at a nominal cost from
the ANSI, 1440 Broadway, New York, New York 10018.

A9.1 Building Exits Code (NFPA 101)

A1l.1 Practice for Industrial Lighting

A12 Safety Code for Floor and Wall Openings, Railings and
Toe Boards

A14.3 Safety Code for Fixed Ladders

cl National Electrical Code (NFPA 70)

C2 National Electrical Safety Code (NBS H30)

S1.11-1966 Octave, Half-Octave and Third-Octave Band Filter Sets

235.1 Specifications for Industrial Accident Prevention
Signs

Z136.1 The Safe Use of Lasers

70.2 American Society of Heatinq, Refrigerating and Air-Conditioning
Enqineers ASHRAE), Copies of the following documents can be obtained at a
nominal cost from the ASHRAE, 1791 Tullie Avenue, NE, Atlanta, GA 303290

Standard 55-81 Thermal Environmental Conditions for Human Occupancy

Standard 62-81 Ventilation for Acceptable Indoor Air Quality Guide
and Data Book (latest edition)

———-——.———— ————_—.. . n_ . — — _ _ _ _ _
— ——— - _ ___ ____
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70.3 National Fire Protection Association (NFPA). Copies of the following
document may be obtained from the NFPA, 60 Batterymarch Street, Boston, HA
02110

NFPk 101 Code for Safety to Life from Fire in Buildings and
(1985) Structures

80 BOOKS

The
technical

a.
Aerospace
1971. (2

documents listed below are normally available in general and
libraries:

A Collation of Anthropometr y, J. W. Garett and K. W. Kennedy.
Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio.
Volumes) (AD 723 629; Library of Congress Catalog Card

No. 74-607818)

h Directions in Human/Computer Interaction.“. A. Badre and
B. Schneiderman, Eds, Ablex Publishing, Norwood, NJ, 1982

. Fundamentals of Interactive Computer Graphics, J. D. Foley and
A. VancDam, Addison-Wesley, Reading, MA, 1982

C!* General Safety Requirements - U.S. Army Engineer Manual 385-1-1.

e. Guide to Human Engineering Design for Visual Displays, D. Me~ster
and D. J. Sullivan. The 13unker-Ramo Corp., Contract No. NOO01468-C-027E, Work
Unit No. NR196-080 (AD 693 237), Office of-Naval Research, 30 August 1969.

f. Human Engineering Gu~de to Equipment Design - H. P. Van Cott, and
R. G. Kinkacie, eds, Wiley 605 Third Ave., New York, NY 10158, 1972 (Library Of
Congress Catalog Card No. 72600054).

9“ Industrial Ventilation, Manual of Recommended Practice - Latest
Edition, American Conference of Governmental Industrial Hygienists, Committee
on Industrial Ventilation, P.O. BOX 453, Lansing, Michigan.

h. Lighting Handbook, Illuminating Engineering Society (IES), latest
edition.

.
Software Psychology: Human Factors in Computer and Information

&: B. Schneiderman, Winthrop Publishers, Cambridge, MA, 1980.

j. Symbol Source Book, H. Dreyfuss, 1972, McGraw-Hill Book Company,
Library of Congress Card No. 71-172261.

k. The Human Body in Equipment Design, A. Damon, H. Id. Stoudt, and
R. A. llcFarland, Harvard University Press, Cambridge, Mass, 1966. (Library of
Congress Catalog Card No. 65-22067).
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1. Engineering Anthropometry Methods. J. A. Roebuck, K. H. E. Kroemer and
W. G. Thoflson, John Wiley and Sons, New York, NY 1975 (Library of Congress)
Catalog No. 74-34272.)

Copies of specification, standards, and other publications required by
contractors in connection with specific procurement functions should be
obtained from the procuring agency or as directed by the contracting officer.

Technical society and technical association specifications and standards
are generally available for reference from libraries. They are also
distributed among technical groups and using Federal Agencies.
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data display (user-computer interface) ---.-----------

format , menu selection -------------------------------

format and content, form filling ---------.-----------,
visual displays ---------- ---.-------------------- ----

with command language, menu selection ----------------
Consistent

procedures, data and message transmission ----.-------

scaling, graphic display ---------------.-------------

terminology, prompts ----- ----------------------------

Console
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Detant Controls
general -------------- -------------------------- ------

thumbwhetel -------------.-----------------------------

push-pull ---------------------.------ ------- ----- ----

Devices, selection ------------------------- ------ -------

Diagnostic information, error management ----------------

Dialogue, definition --------------.--------- ---.------ --

Dialogue type, interactive control ----------------------

Diameter, tunnel (ingress & egress) ---.------- ------- ---

Dichotic, definition --------------- ------------.--------

Dichotic Presentation, audio signals ---------------.----

D~mensional units, form filllng -------------------------
Dimensions

adjustable, anthropometric ----- ----------------------

arm access ----------- --------------------------------

ball control ---------- -------------------------------

breadth, body ---------------- ------------------------

circumference , body ----.----------.----------------c-

ircuit breaker, and separations ----------------------

clearance -------------------- ‘------------------- ----
console, standard ------ ------ ------ ----------- -------

console, hor~zontal wrap-around ----- ----------- -------

console, vision over top ----------------------.------

cranks -.---------------------------------------------
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5.9.1.1
4.10
5.10
5.5.5
5.5.5.1
5.5.5.4
5.5.5.15
5.5.5.11
5.5.5.2
5.5.5.4.1
5.5.5.14
5.5.5.4.2
5.5.5.5
5.5.5.13
5.5.5.6
5.5.5.4.3
5.5.5.4.4
5.5.5.9
5.5.5.8
5.5.5.10
5.5.5.3
5.5.5.7
5.5.5.12
5.15.4.5.12
5.
5.15.8.2

5.4. 1.1.4
5.4.2. 1.3.8
5.4.3. 1.8.4
5. 15.4.2.2.1
5.15.8.7
3.22
5.15.4.1.9
5.14.3.3.1
3.23
5.3.4.2.3
5.15.4.3.10

5.6.3.4
5.9.9.5. 1.2
5.4.3.2.4.4
5.6.2
5.6.2
5.9. 17.2.5

!3.6.3.2
5.7.5.1
5.7.6. 1.4
5.7.6. 1.3
5.4.2. 2.4.3

Page

183
J83
19

211
123
123
i23
124
124
!23
123
124
123
123
124
123
123
123
123
123
124
123
123
124
270
21

273

67
79
101
266
2’74
11

265
242
11
58

268

143
187
111
129
129
209
143
153
)53
153
86
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depth, body ------------------------- ‘--------------’-”--~.~~ ]-)9

eyecup and eyepiece ----------------- .---------------- 5.11.3.14.1 219

face --------------- ----- ----- ----- ----- ---------- ---- 5.6.2 129

finger operated displacement joysticks --------------- 5.4.3.2.2.2.3 108
finger operated isometric joysticks ‘----------------- ~.~-~”~.:”2”3 103
fixed-ladder ---------------------------------------- - . . . 159

foot ------------------------------------------------- 5.6.2 129

foot operated sw~tches -------------- ----------------- 5.4.3. 1.2.3 92

free-moving XY controller --------------------- ------- 5,4.3.2.6.3 114

ganged control knobs -------------- ------------------- 5.4.2. 2.2.2 81
grid-anti-stylu$ devices ----- ----- ----- ---------- ----- 5.4.3.2.5.3 ii3
hand ------------------------------------------------- 5.6.2 129

hand access ------------------------------------------ 5.9.9.5. 1.2 187
hand operated displacement Joysticks ----------------- 5.4.3.2.2. 1.3 107
hand operated isometric joysticks -------------------- 5.4.3.2.3. 1.3 109
handie --------------------- ‘--------------” ----- ‘---- 59115.5 Q03

handwheels ------------ ------ ---------------------- --- 5.4.~2.5.5 86
hatches ------------------- --------------------—------ 5.7.0.2.3 163
head --------------------- ----------------------- ----- 5.6.2 129
keyboard -----------e--------------------------------- 5.4.3. 1.3.3 92

key operated switches ------------- ------------------- 5.4.2. 1.2.2 77

knobs --------------- --------------------------------- 5.4.2.2. 1.2 81

legend switches -------------------------------------- 5.4.3. 1.5.1 97

levers ------.---.------------------------------------ 5.4.3.2. 1.5 105

light pen -------- ---------.-------------------------- 5.4.3.2.7.3 114

light pen, user-computer interface ------------------- 5.15.2.5.2 251

limiting, anthropometric ------------ .---------.---- -- 5.6.3.3 143

miniature controls ----- ----- ----- ----- ---------- ----- 5.4.5.2 120

pedals ----c------ ---------.---.---------------------- 5.4.3.2.8.7 116

printed circuit (PC) switch controls ----------------- 5.4.3. 1.9.2 104

push buttons ----------------------------------------- 5.4.3. 1.1.5 88

push-pull controls ----- ----- ----- ----- ------------ --- 5.4.3. 1.8.2 iol
reach access --------------------------------------- _- 5.9.9.5. 1.2 107

remove and replace ----- ------ ------------------------ 5.9 9.5.1.4 190

rocker switches -------------------------------------- 5.4.3. 1.6.4 99
rotary swithes --------------------------------------- 5.4.2. 1.1.7 75

seated body ------------------------------------- ----- 5.6.2 129

seating, ground/shipboard vehicles ------------------- 5.12.2.1 223
slide switch -------- -------------------------------- - 5.4.3. 1.7.3 99
stair ---------------------- ‘------------------- ‘----- 5“707.2 156
standing body ---------------.------------------------ 5.6.2 129
standard console .------------------------------------ 5.7.5.1 153
surface, body ----- ----- ----- -------------------------- 5.6.2 129
thumbtip/fingertip operated displacement joysticks --- 5.4.3.2.2.3.3 106
thurnbtip/fingertip operated ~sometrlc Joysticks ------ 5.4.3.2.3.3.3 108
thumbwheel, continuous ---------------------- --------- 5.4.2.2.3.4 84
thumbwheel, discrete ----- ---------- --—-- ---------- --- 5.4.2. 1.3.7 79
toggle switch ------- --------------------------------- 5.4.3. 1.4.3 94
tool access -------------- ----- ----- ------------------ 5.9.9.5. 1.3 187
touch-screen controls for displays ------------------- 5.4.6.4 119
vehicle operator’s seat ------------------------------ 5.!2.2. ~ 223
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work space, crew compartment -------------------------

Dimming, illuminated sights and retitles --------------.-

Diodes , light emitting (LEDs) ----------.----------------

Direct function call, menu selection -----------------.--

Direct linkage, control/display integration -------------

Direct viewing, remote handling -----------.-------------

Direction of contrast ------------------~----- ---------.-

Direction of movement
controls -----------c---..------- -------------- --.--.-

control/display integration --------------------------

counter ----------------------------------.---------.-

handwheels ------------ -------------------------------

push-pull controls ------------------ -----------------

thumbwheel, discrete ----- --------------------------.-

zero position, circular scales --------------------.--

zero posltlon, curved, horizontal & vertical scales --

Direction of movement, controls ---------.---------------

consistency of movement ---.--------------------------

multidimensional operation ---------------------------

operator-control orientation --------------.--------.-

valve controls ---------------------------------------

Directional controllers ---------------------------------

actuation/deactuation ---------- --------------------.-.
use ----------.---------------------------------------

5.14.2.3 241
5.11.3.12.3 218
5.2.6.7 51
5.15.4.2.8 267

5.1.3.? 24

5.10.4.2 212
5.2.6.6.4.3.2 51

5.4.1.2
5.1.3.11
5.2.6.2.4
5.4.2.2.5.4
5.4.3. 1.8.6
5.4.2. 1.3.4
5.2.3.2.3.2
5.2.3.2.4.2
5.4.1.2
5.4. 1.2.1
5.4. 1.2.2
5.4. 1.2.3
5.4. 1.2.4
5.15.2.6
5.15.2.6.2
5.15.2.6.1

67
24
47
86
104
79
41

42
67
67
67
67
67

252
252
252

5.15.11.7.2 278
5.15.11.7.3 278
5.9.14.12 207
5.9.1.6 183
5.3.3.2.3 58
5.10.1.2 211
5.9. 14.1 206
5.4.3.1 88
5.4.3. 1,8 101
5.4.3. 1.8.1 101
5.4.3. 1.8.4 101
5.4.3. 1.8.6 104
5.4.3. 1.8.2 101
5,4.3. 1.8.7 104
5.4.3. 1.8.3 101
5.4.3. 1.0.5 101
5.4.2.1 74
5.4.2. 1.3 77
5.4.2. 1.3.1 77
5.4.2. 1.3.3 79
5.4.2. 1.3.7 79
5.4.2. 1.3.4 79
5.4.2. 1.3.5.2 79
5.4.2. 1.3.5.1 79
5.4.2. 1,3.5 79
5.4.2. 1.3.8 79
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separation -------- -------- -------- -------- -------- --- 5.4.2.i.2. s

shape ------ ------ ------ ----- ----- ---------- ----- ----- 5.4 .2.1.3.2

visibility ------ ---c-- ------ ------ ------ ----- ----- --- 5.4.2 .1.3.6

Discriminability ------ ------ ------ ------ ------ ------ ---- 5.3.4.3

action segment ------ ------ ------ ------- ------ ------ -- 5.3.4.3.4

coding ---------- ----- ----- ----- -------- ------ ------ -- 5.3.4.3.2

critical signals ------ ------ ------ ------- ------- ----- 5.3.4 .3.3

differentiation from routine signals ‘---------------- 5.3.4.3.5
prohibited types of signals -------------------------- 5.3”4.3 ~
use of different characteristics ----- ---------- ----- - 5.3.4.3.1

‘7 S

79
79 -

50
55
59
59
59
59
50

Displacement
foot operated push buttons --------------------------- 5.4.3. 1.2.3 92

handwheels -----------------------.------------------- 5.4.2.2.5.5 86

key operated switches -------------------------------. 5.4.2. 1.!2.2 7’7

keyboard ------------------------------ --------------- 5.4.3. 1.3.3 92

legend sw~tches ----.-------------.------------------- 5.4 .3.1.5.1 g?

levers --.----------------------------.--------------- 5.4.3.2. 1.7 105—
miniature controls ----------------------------------- 5.4.5.2 120

vedals -------------------------- --------------------- 5.4.3.2.8.7 116

push button ------------------------------------------ 5.4.3. 1.1.5 89

push-pull controls ----------------------------------- 5.4.3. 1.8.2 101

rotary switches --------- ----------------------------- 5.4.2. 1.1.7 75

slide switch ---------------.----- --------------.----- 5.4.3. 1.7.3 99

Displacement joysticks (isotonic joystick) -------------- 5.4.3.2.2 105

dimensions, resistance, & clearance (finger operated) 5.4.3.2.2.2.3 108

dimensions, resistance, & clearance (hand operated) -- 5.4.3.2.2. 1.3 107

dimensions, resistance, & clearance (thumb operated) - 5.4.3.2.2.3.3 108

dynamic characteristics (finger operated) ------------ 5.4,3.2.2.2.2 108

dynamic characteristics (hand operated) -------------- 5,4.3.2.2. 1.2 107

dynamic characteristics (thumbtlp/fingertip operated) 5.4.3.2.2.3.2 108

finger operated -------------.------------------------ 5.4.3.2.2.2 107

hand operated ---------c------------------------------ 5.4.3.2.2.1 107

thumbtip/fingertip operated ----- ----- ---------- ----- - 5.4.3.2.2.3 108

specif~c use, finger operated ------------------------ 5.4”3”2.2.2.1 108

specific use, hand operated --------------------.----- 5.4.3.2.2. 1.1 107

specific use, thumbtiplfingertip operated ------ ------ 5.4.3.2.2.3.1 108

Display
arrangement consistency ------------------------ ------ 5.2.1.4.10 32

audio ----------------------------- ---------------- --- 5.3 55

audio, user-computer interface ----------------------- 5. 15.3.8 263

automatic log-on, user-computer interface ------------ 5.15.1.5.1 247

cathode ray tube (CRT) ----- ----- ---------- ----- ------ 5.2.4 44

circuit failure ----------------------------- --------- 5.2. 1.3.7 28

complexity and precision ----- ----- ---------- ----- ---- 5.1.1.3 21

composite scalar/pictorial ----- ---------- ----- ----- -- 5.2.3.3.7 44

concurrent , interactive control ------ ---------------- 5.15.4.1.6 265

content -.-------------------------------- ----- ----- -- 5.2. 1.3.1 28

contrast ---------- ----- ----- ----- ---------- ----- ----- 5.2. 1.2.3 27

control of displayed information ---------- ----- ----- - 5.2.5.5 46

control movement ratio --------------------- ---------- 5.1.4 24

cursors ------------------------.--------------------- 5.15.2.1.8.2 g4@
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des~gn ------ ------ ------ ------ ------ ------ ------ -----

digital, numeric ------ ------ ------ ------ ------ ------ -

dot mtrixlsegmented ------ ------ ------ ------ ------ ---

electroiumlnescenb ------ ------ ------ ------ ------ -----

emergency use ----------------------------------------

failure clarity ------- ------ ------ ------ ------ ------ -

freeze ------ ------ ------ ------ ------ ------ ------ -----

graphic ------ ------ ------ ------ ------ ------ ------ ----

grouping ------ ------ ------ ------ ------ ------ ------ ---

bead-up ------ ------ ---*-- ------ ------ ------- ------ ---

illumination ----- ----- ----- ----- ----- ----- ---------- -

illumination and light distribution ------ ------ ------

importance ------ ------ ------ ------ ------ ------ ------ -

information density ------ ------ ------------- ------ ----

labeling ----- ---------- ----- ----- ----- ----- ----- -----

large screen ------ ------ ------ -----* ------ ------ ------

light distribution ------ ------ ------ ----*- ------ -----

lighting ------ ------ ------ ------ ------ ------ ------ ---

maintenance, lights ------ ------ ------ ------ ------ ----

movement, range of ------ ------ ------ ------ ------ -----

moving tape ------ ------ ------ ------ ------ ------ ------

multiple, control/display integration ------ ------ ----

NBC contaminantion ------ ------ ------ ------ ------ ------,
optical projection ------ ------ ------ ------ ------ -----

other ------ ------------ ------ ------ ------ ------ ------

physical interruption of view ------ ------ ------ ------

position relationships ------ ------ ------ ------ ------ -

print, hard copy ------ ------ ------ ------ ------ ------ -

segmented ------ ------ ------ ------ ------ ------ ------ --

simultaneous use ------ ------ ------ ------ ------ ------ -

standard , prompts ------ ------ ------ ------ ------ ------

status , var~able function keys ------ ------ ------ -----

testing ------ ------ ------ ------ ------ ------ ------ ----

time lag ------ ------- ------ ------ ------ ------ ------ --

timely , keyboard ------ ------ ------ ------ ------ ------ -

transilluminated --.--- ------ ------ ------ ------ ------ -

update rate ------ -----. ------ ------ ------ ------ ------

visual ------ ------ ------ ------ ------ ------ ------ -----

Display coding, user-computer interface ------ ------ -----

brightness ------ ------ -----: ------ ------ ------ ------ -

brightness inversion ------ ------ ------ ------ ------ ---

color -------- -------- -------- -------- -------- --------

flash ------ -------------- ------ ------ ------ ------ -----

markers close to words marked ------ ------ ------ ------

pattern and location ------ ------ ------ ------ ------ ---

shape ------- ------- ------ ------ ------ ------ ------ ----

special symbols ------- ------ ------ ------ ------ ------ -

symbol and size ------ ------ ------ ------ ------ ------ --

underlining ------------- ------ ------ ------ ------ ------

u9 e ------- ------- ------ ------ ------ ------ ------ ------

Display content, u9er-computer interface -.---- ------ ----

Paragraph

5.1.1.2
5.2.1.3.13
5.2.6.8
5.2.6.9
5.1.2.3.8
5.2. 1.3.6
5.15.3.4.3
5.15.3.6
5.2. 1.4.6
5.14.1.1.5
5.2. 1.2.1
5.2. 1.2
5.21 .4.9
5.15.3.2.2
5.5.6.2.3
5.2.5
5.2. 1.2.2
5.8.2
5.2.2 .1.8
5.1.4.2
5.2.3 .3.6
5.1.2.3.4
5.2.1.3.12
5.2.6.6
5.2.6
5.2.5.4
5.1.2
5.15.10.2.1
5.2.6.8
5.1.2.3,3
5.15.6,2
5.15.2.4.2
5.2.6 .8.9
5.1.3.2
5.15.2.2.3
5.2.2
5.15.3.4.2
5.2
5.15.3.3
5.15.3.3.3
5.15.3.3.9
5. 15.3.3.7
5. 15.3.3.2
5.15.3.3.6.
5.15.3.3.4
5.15.3.3.8
5.15.3.3.6.
5 .15.3.3.6
5.15.3.3.5
5.15.3.3.1
5. 15.3.2

2

1

21
29
52
53
23
28

256
258
29

239
27
27
32

254
~~~

4C
27
169
34
25
44
23
29
50
47
46
21

277
52
23

272
251
53
23

250
32

256
2’?

255
255
256
256
255
256
255
256
256
256
255
255
254
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abbrevlationg and acronyms ------ ------ ------ ------ ---

context for displayed data ------ ------ ------ ----- ----

crotied displays -------------------- ----- ---------- .-

data entry and display consistency ------------------.

information density ------------------------- ---------
related data on same page ----------------------------
standardization ----------------------------- ---------

Display format, defin~t~on ----- ----- ----- ----- ----------

Display format, user-computer Interface ----- ----- ----- ..-

command entry, prompts, messages at bottom -----------

comparative data fields ------------------------------

consistency ------------------------------------------

criticality ------------------------------------------

data grouped by frequency --.-------------------------

data grouped by function ----- ----- ----- ----- ---------

data grouped by Importance ----- ----- ----- ----- ----- --

data group labels .-.---- -----.------- ---- ------------

data separation --------c-----.-----------------------

display title ------------------------------- ---------

extended alphanumerics -------------------- -----------
frame identification ---------------------------------

labels and titles --------------------.---------------

order and sequences -------------------- ----- ----- ----

page numbering ----------- -------------------.--------

readily usable forms --------.------------------------

recurring data fields -----------------.--------------

scrolllng -.------------- -----------------------------

Display illumination and l~ght distribution .------------

contrast ----------------------.-----------------------

display illumination --------------- ------------------

field use panel dimming -------------------- ----- -----

light distribution ------- ---------------------------.

night vision device compatibility --------------------

normal ----------.------------------------------------

Display of
differences, direct ----- ----- ----- ----- ----- ----- ----

erroneous entries ------------------------------------

scale ----------------------- ‘-------------------- ----
simulated data ---------- ----- ----- ----- ----- ----- ---

Display placement
seated, normal ------------------------ ---------------

seated , special ------------------------- ----- --------

standing, normal ----- ---- -----------------------------

standing, spec~al ----- ----- ---------- ----- ----- ----- -

Display window, text/program edit~ng --------------- -----

Display, visual warning

seated consoles (vision over top) ------- ------- ------

use w~th audio signal --------------------------------

Displayed
attributes , selectlng from ----- ----- ----- ---------- --

as printed, text ----------------------------.--------

Paragraph

5.15.3.2.3
5.15.3.2.5
5.15.3.2,2.1
5.15.3.2.4
5.15.3.2.2
5.15,3.2.!2
5.15.3.2.1
3.24
5.15,3.1
5.15.3.1.9,2
5.15.3.1.8
5. 15.3.1.1
5.15.3.1.2
5.15.3.1.4.3
5.15.3,1.4.2
5,]5<3. !4,1

5.15.3.1.10
5,15.3. 1.5
5.15.3.149.1
5.15.3.1.7
5.15.3.1.13
5.15.3.1.9
5.15.3.1.4
5.15,3.1.12
5.15.3.1.3
5.1S.3. 1.6
5.15.3.1.11
5.2.1.2
5.2. 1.2.3
5.2. 1.2.1
5.2, 1.2.1.3
!5.2.1.2.2
5.2.1.2.1.2
5.2.1.2.1.1

5.15.3.6.29
5.15.8.11
5.15.3.6.25
5. 15.8.13.4

5.7.3.6
5.7.3.7
5,7.2.2
5.7.2,3
5. 15.3.7

5.7.3.8
5.3.1.7

5.15.3.6.

3

10
5.15.3.7.12

Page

~5’~

255

254
255
254
255
254

ii
?)?

253
252
252
252
253
253
253

253
253
253
25Z
254
253
253
254
252
253
254
27
27
27
27
27
27
27

261
274
260
275

147
147

146
146
261

147
55

259
262
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location, command language .------- ------- ------------ 5. 15.4.5.7 26%

security classification -------------- ----------- ----- 5.15.8.13.5 275

Displaying current attributes -----.--------------------- 5.15.3.6.12 259

Distance
control spacing -----------------.-------------------- 5.4. 1.3.? 66

maximum viewlngt displays ---------------------------- 5“2. 1-4.11 32

minimum viewing, displays ----------- ----------------- 5.2.1.4.12 32

viewing, CRT ----------------------------------------. 5.2.4.2 45

viewing, character height ---------------------------- 5.5.5.15 124

viewing, large screen displays ----------------------- 5.2.5.3 46

Dlst~nctive and informative labels, tabular data -------- 5.15.3.5.9 258

Distinctive cursor, graphic displays -------------------- 5.15.3.6.7 259

Distinctiveness, command language ~---------------------- 5.15.4.5.3 269

Distinctiveness of fields, form filling ----------------- 5. 15.4.3.4 268

Distribution
light [optical projection displays) -.---------------- 5.2.6,6.3 51
work load, controls ------------ --------.---.--------- 5.4. 1.1.1 67

Division, panel (console) ------------------------------- 5.7.6.2.1 156

Doors
emergency, safety ----- -------.--.----------------.-.- 5.13.4.2 233
ingress and egress ----------------------------------- 5.’T.8.l 163

jamming, aerospace vehicles -------------------------- 5.14.3.4.1 243

Doors , aerospace vehicles ------ -------------.---..------ 5.14.3.4 243,
jamming ---------------------------------------------- 5.14.3.4.1 243

latches --------------------------- ------------.------ 5.14.3.4.2 243
Dot matrix/segmented displays -------”.- ----------------- 5.2.6.8 52

alphanumeric character and symbol size --------------- 5.2.6.8.4 52
display testing -------------------------------------- 5.2.6.8.9 53
emitter color .------------------- -------------------- 5.2.6.8.7 52
general ---------------------------------------------- 5.2.6.8.1 52
intensity control ------------------------------------ 5.2.6.8.8 53
location of red alphanumeric LEDs/segmented displays-- 5.2.6.8.10 53
symbol definition -------.----------- ---.------------- 5.2.6.8.3 52
use -----.------------------ ----------------------.--- 5.2.6.8.2 52
u~e of upper case ------------------- ----------------- 5.2.6.8.5 52
viewing angle -------------------------- --.------- ---- 5.2.6.8.6 52

Drain valves, vehicles ----------------------.----------- 5.12.9.1.1 230
Drawing figures, graphic displays ----------------------- 5.15.3.6.18 260
Drawing lines, graphic displays ------------------------- 5.15.3.6.1? 260

Drawer module connector ----- --------------.------------- 5.9.14.10 207

Dual tires ---------------.~------------------- ---------- 5.12.9.2.1 231
Duration, audio warning --.------------------------------ 5.3.6.5 62

display signals ------------------------.------------- 5.2. 1.3.9 28
limitations, audio warning ----------------- ---------- 5.3.6.6 62

Dynamic characteristics
ball control -----------------------.---------“------- 5.4.3.2.4.2 111
finger operated displacement joysticks --------------- 5.4.3.2.2.2.2 108
f~nger operated isometric joysticks ------------------ 5.4.3.2.3.2.2 109
free-moving XY controller ---------------------------- 5.4.3. 2.6.2 113
grid and stylus devices --.--------------------------- 5.4.3.2.5.2 113
hand operated displacement joysticks ------- --.---—--- 5.4.3.2.2. 1.2 107
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hand operated ~sometric ~oystlcks -------------------- 5.4.3.2.3, 1.2 109
light pen --------- .---------------- ---- -------------- 5.4.3.2.7.2 114
thumbtip/fingertip operated displace=nt joysticks --- 5.4.3.2.2.3.3. 108
thumbtip/fingertip operated isometric joysticks ----- - 5.4.3.2.3.3.2 111

Dynamic displays -----.----------------- ----------------- 5.15.3.4 256
changing values -------------------------------------- 5.15.3.4.1 256
display freeze ----- ----- ----- ----- ----- ----- ----- ---- 5. 15.3.4.3 256

freeze feedback --..-.------------.----- -------------- 5.15.3.4.4 256
update rate -------------------.------- ----- ------ ---- 5,15.3.4.2 256

Dynamic range, speech transmission equipment ------------ 5.3.7.2 62

Ease of operation, escape exit ---------- --------.------- 4.14.4.2.3 244
Easy return to base-level functions --------------------- 5. 15.2.4,6 251

Easy storage and ret~levai, graphic displays ------------ 5.~5.3~6~13 259

Edge rounding, hazard -.---------------------------.----- 5.13.5.4 235

Editing, text/program ------- --------.------------------- 5.15.3.7 261

Editing commands ----------------- --.----------.--------- 5. 15.3.7.4 261
program edit commands --.------- ----------.----------- 5.15.3.7.4.2 261
tab controls ---------.------------------------------- 5.15.3.7.4.3 261
text edit commands -----------------------------.----- 5.15.3.7.4!1 261

Effects, keystone ------------------------------;-------- 5.2.6.6.5 51
Effects of

crew size, shared work space ------------------------- 5.14.2.2.3 240
variable gravity, shared work space ------------------ 5.14.2.2.5 240

Effective temperature, definition ----------------------- 3.25 11

Efficient handling, un~t design for ‘-------------------- 5.9.11 192

Egress and ingress, personnel
aerospace vehicles ---------------------------------- - 5.1403 242

workspace design ------------------------------------- 5.7.8 163

Ejection systems, aerospace vehicles -------------------- 5. 14.4.3 244
automatic sequencing .-------------- --------------- --- 5.14.4.3.6 245

clearance -------------------------------------------- 5.14.4.3.1 244

control protection --------------.---- ---.------------ 5.14.4.3.4 245

ejection controls ------------------------------------ 5.14.4.3.3 245

safety harnesses ------------------------------ ‘------ 5.14”493”2 244
safety pins and streamers ---------------------------- 5. 14.4.3.5 245
survival requirements -------------------------------- 5.14.4.3.7 245

Electrical, mechanical, fluid, toxic & radiation hazards 5.13.7 235
Electrical hazards -------------------------- ------------ 5.13.7.1 235

electrically-operated hand tools, safety ------------- 5.13.7.1.6 236
electronic equipment ---------------- ---- -------.----- 5.13.7.1.7 236
ground potential ---------------------- ------- -------- 5.13.7.1.5 236
high voltage -------.------”----------------- -----.--- 5.13.7.1.4 236
insulation of tools -------- ---------.---------------- 5.13.7.1.1 235
plugs and recepticales --------- ---------------------- 5.13.7.1.2 236
vehicle batteries ---------- ----- ----- ----- ----- ----- - 5. 13.7.1.8 236
voltage exposure ------------------------------------- 5. 13.7.1.3 236

Electrical labels --------- ------------------ ------------ 5. 13.2.6 233
Electrolununescent displays ----.------------------------ 5.2.6.9 53
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alphanumeric character and symbol sizes -------------- 5.2.6.9.2 55

use ---------------.------------------------------ ---- 5.2.6.9.1 53

Electromagnetic pulse (EMP) hardning, design for ‘------- 4.11 19

Electronic equipment, electrical hazards ---------------- 5. 13.7.1.7 236

Electronic modules, connectors .----------------------- -- 5.9.14.11 207

Elements, selecting graphic ------------------------- ---- 5.15.3.6.10 259

Elevators/incllnators & hydraulic-operated work platforms 5.7.7.7 159

Emergency
doors and exits, hazards ----------------------------.- 5. 13.4.2 233

flashe~ system, and turn s~gnai ‘-------------------’- 5412.9.3 231

lighting, escape exits ------ ------------------------- 5. 14.4.2.1 244

use, control/display integration ‘-------------------- 5+l”2~3c8 23

Emergency evacuation, aerospace vehicle ----------------- 5.14.4 243

cutaway areas ----- ----- --------------------- --------- 5. 14.4.1.3 243

evacuation aitis ----- ----- ----------------------------- 5. 14.4.1.6

evacuation time

244

--------------------------------- ----- 5. 14.4.1.2 243

exterior protrusions --------------------------------- 5. 14.4.1.5 243

general criteria ----- ---.---.--------.------ -.------- 5.14.4.1 243
bandhoid~ -------------------------------------------- ;. ::.:.:.: 244

movable articles ------------------------------------- . . . . 243

simplicity ---.--------------------------------------- 5.14.4.1.1 243

Emitter color, dot matrixlsegmented displays ------------ 5.2.6.8.7 52

Enter, definition ---------------------------------------. 3.26 11

Entrance pupil, optical instruments and related equipment 5. 11.3.6 217

Entries, control (text/program editing) ----------------- 5. 15.3.7-5 262

Entries, defaults for sequential ------------------------ 5. 15.7.4 273

Entry
form filling for control, form filling --------------- 5.15.4.3.16 263

flexible data, form filling -.--------------.--------- 5.15.4.3.13 269

length indication, form filling ---------------------- 5. 15.4.3.7 268

prompting address, addresses ------------------------- 5.15.11.7 278

series , menu selection --------------------.---------- 5.15.4.2.2.3 268

Environment --------------.--.--------- ---------------- -- 5.8 167

acoustic, compatib~lity -----.------------ ---.--.----- !5.3.4.4.2 60

acoustical , compat~blllty with audio warning signals - 5.3.3.2.1 57
gunner, tracking ------.------.-.---------- --------.-- 5. 11.2.1 216

Environmental conditions, optical instruments ----------- 5.11.3.16 221

Equivalents, metric (definition) ------------------------ 3.45 13

Equipment
definition ------------------------------------------- 3.27 11

design for remote handling --------------------------- 5.10 211

direct viewing, remote handling ---------------------- 5. 10.4,2 212

electronic, safety --------..--------- ------ ---------- 5.13.7.1.7 236
failure, definition ---------------------------------- 3.28 11

fluid and fuel servic~ng, hazards -------------------- 5. 13.7.3.2 237

funct~ons, labels ------------------------------------ 5.5,3.1 122

provisions for hand-carrying, stairs and ramps ------- 5.7.7. 1.2 156
indication of fal~ure -------------------- ------------ 5.9. 17,1 208
indirect viewing, remote handling -------------------- 5.10.4.4 212
labels, prototype and production --------------------- 5.5.1.3 121
man transportability --------------------------------- 5.11.1 213
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optical instru~nts ---.--.----------- ---------------- 5.11.3

personal, anthropometry ------------------------------- 5.6.3.5

personal, thermal control ---------------------------- 5.8.1.6

portability ---------- ----- ----- ---------------------- 5. 11.1.1

related hazards, general -.--------------------------- 5.13.5

response, transilluminated display~------------------- 5“2.2”1c2

small 9y9tem9 -----------.----------- ----------------- 5.11

speech reception, audio displays --------------------- 5.3.8

speech transmission, audio displays ------------------ 5.3.7

teti~---- .------.------------------------------------- 5.9.16

thermal contact hazards ------------------------------ 5.13.4.6

vibration ---------------- ---------------------------- 5.8.4.2

voice communications, operating controls ------------- 5.3.10

viewing, remote handling ----.-------.-----------.---- 5.10.4

Equipment failure, definition --------------------------- 3.28

Equipment space, personal (tunnels) --------------------- ~.~463.3,2
Equipment labeling --------------------- -----------------

general requirements --------------------------------- 5:5:6. 1.1

location -------.-------------- ---- ------------------- 5.5.6. 1.2

other criteria --------------------------------------- 5.5.6. 1.4

terms -----------------------------------s------------ 5.5.6. 1.3

units, assemblies , subassemblies and parts ‘---------- 505~601

Equipwnt, viewing
---------------------.---------------- 5.10.4

coding -------------------------------- --.------------ 5.10.4.5

direct viewing --------------------------.------ ------ 5.10.4.2

general ----------.------------------------- ---------- 5.10.4.1

indirect viewing -.------------- -------------------- -- 5. 10.4.4

lettering ------------------------- ---------- --------- 5. 10.4.6

ste~eo viewing ------------------- ---- -.-------------- 5. 10.4.7

viewing angle ---------------------------------------- 5.10.4.3

Erroneous input. feedback for (interactive control) ----- 5.15.4.1.14

Error management/data protection ------------------------ 5.15.8

correction entry and confirmation -------------------- 5. 15.8.8

critical entries -.--------------.---------- -----.---- 5.15.8.4

diagnostic infor=tion ----------------- -------------- 5.15.8.7

display of erroneous entries ------------------------- 5.15.8.11

early detection -------------------------------------- 5.15.8.2

error correction ----------------------------------.-- 5.15.8.1

error message content ‘------------” ------------------ 5.15.8.5
error recovery and process change

-------------------- 5,15.8.6

errors in stacked commanda ----.---------------------- 5.15.8.10

internal software checks ----------.------------------ 5.15.8.3

spelling errors -------------------.------------------ 5. 15.8.9

Errorproof design --------------------------------------- 5.9.1.8

Escape capsule, ejection system ------------------------- 5.]4.4.3.8

alighting impact ------ ------ ------------ -.----------- 5. 14.4.3.0.3

capsule provision ----- ---- ------------------------ --- 5. 14.4.3.8.1

flotation ---------- ----- ----- ----- ----- ----- --------- 5. 14.4.3.8.4

pressurization --------------------------------------- 5. 14.4.3.8.2

Escape exits, emergency evacuation --------------------- - 5. 14.4.2

control protection -_-_---------z-----------------.--- 5. 14.4.2.5
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167
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224
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ease of operation
----------------- ------.------------

emergency lighting
--------- ---------------- ----------

escape openings ------------
--------------------------

latch-handle actuation
---------------- ---------------

emergency (aerospace vehicle)
----- ----- -----

Evacuatlont
Evacuation aids, emergency evacuation -------------------

Evacuation time, emergency evacuation
-_-----------------

Exclusion, ambient lighting and color-coding ------------
Existence load

-----------------e------ ------------------

Existing files, incorporate (data/message transmission) -

Existing signals, compatibility
-------------------------

Exit
emergency, safety

---------- --------------------------

escape , emergency evacuation
-------- -----------------

hatches, aerospace vehicles --------------------------
Exit markings, ingress 8 egress

--------------------- .---

Exit puPil, head-up displays
----------------------------

Exit pupil, optical instruwnts -------------------------

daylight ---
.------------.---------------------- ----- -

general ----------------------------------------------

low light levels
--.------------------- ---------------

Explicit
action, data entry

------------------.-------y--------

activation, daba entry -------------------------------

delete action, data entry
----------------------------

prompts ------ ----------------------------------------

Exposure, voltage (electrical safety) -------------------
Extended alphanumerics, display format

------------------

5,14.4.2.3
5.14.4.2.1
5.14.4,2.2
5. 14,4,2.4
5.14.4
5. 14,4.1.6
5.14.4.1.2
5.4. 1.4.5.5
5.11.1
5. 15.11.6
5.3.4.4.1

5. 13.4.2
5. 14.4.2
5.14.3.1
5. 14.3.1.1

5. 14.1.1.5.5
5. 11.3.7
5.11.3.7.2
5. 11.3.7.1
5.11.3.7.3

Extensions
horizontal, tabular data ----------------- ------------
--

Unit design for efficient handling -------------------
vertical , tabular data -------------------------------

Exter~or protrwions
---------.--------------------------

External illuminance
------- --------- --------------------

Extreme quite areas
-------------------------------------

Eyecups and headrests
---------------c-----.-------------

compatibility with clothing and personal equipment ---
----------------------------------------------eyecups

headrests/brow’Pads
-----------------------------------

Eyepiece adjustments, optical Instruments
----- ----- -----

4-power and less ---------
--__------------- -----------

over 4-poWr -----.------------------------------------

Eyepiece separation, binocular/biocular
-----------------

Eye relief. optical equipment
---.-----------------------

5. 15.2.1.4

5. 15.2.1.8.4
5.15.2,1.10
5.15.6.3
5. 13.7.1.3
5.15.3.1.7

Page

244
244
244
244
243
244

243
71

213
277
60

233
244
242
242
239
217
217
217
217

248
249
249
272
236
253

5. 15.3.5.5 2S7

5.9. 11.2 192

5. 15.3.5.6.2 257

5. 14.4.1.5 243

5.4.2. 1.3.5.2 79
5.8.3.3.5 175

5.11.3.14 219

5. 11.3.14.3 219

5. 11.3.14.1 219

5.11.3.14.2 219

5. 11.3.9 21’7

5. 11.3.9.1 217

5. 11.3.9.2 217

5.il .3.13.2 219

5.11 .3.e 217

F

Face dimensions
------------------- 5.6.2----- ----- ----- ----- --

Facilities, definition
----- ----- ----- ------------------- 3.29

Facility design, acoustical noise ----------------------- 5.8.3.4

attenuation of materials and layout
------------------ 5.8.3.4.2
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general provisions
----- ---------- --------------------

reduction of reverberation t~me ---------
-------------

Fail-safe design
definition ---------- ----- ----- ----- ----- ----- ----- ---

general requirements
---------------------------------

Failure
audio displays ---------------------------------------

cOmputer, user-computer Interface -------------
-------

display circuit
------- -------------------------------

disDlaY clarity --------------------------------------
. -

equipment, definition --------------------------------

power steering ---------------------------------------

Failure indications and fuse requirements ----
-----------

computers -------------------------------- ----------- -

criticaA malfunctions
------ -----c--------------------

indication of equipment failure ----------------------
out-of-tolerance

--_--------------------------------.-

power failure -------------------------- --------------

5.6.3.4.1
5.8.3.4.3

3.30
4.5

Faint signals, CRT
--------------------------------------

Fa19e alarm, audio displays --------
------ ------ ------ --

False indication/obscuration, transilluminated displays -
Familiarity, labels

-------------------------------------

Fasteners ---------------------------------------------- -

accessibility ------------------------------------ ----
——— —
captive ----------------.-----------------------------

common -----------------------------------------------

#eneral ----------------------------------------------“ –

head type ---------- ----- ----- ----- ------------- ------

high torque ---------- ----- ----- ----- ----- ---------- --

hinges and tongue -and-slot catches
-.-------- ---------

low torque ---------- ----- ---------- ------------------

number of turns
---~---_------------------------------

quantity ---------------------------------------------

remote handling equip~nt
------------------------ ----

torque labeling -------- -------------_----------------

5.3.1.4
5.15.1.7
5.2. 1.3.7
5.2. 1.3.6
3.28
5.4.2.2.5.7
5.9.17
5.9. 17.1.5
!j.9.17.l.3
5.9.17.1
5.9. 17.1.2
5.9. 17.1.1

Feedback
control/display integration

------------------ ------ ---

fixed fuction keys ------------------- -- --

- - - - --- - ---

foot-operated sw~tcl)es ------------------ -------------
for correct input, interactive control ---------------

for erroneous input, interactive control
-------------

fyeeze mode, dynamic displays ------------------------
keyboards ---------- ----- -----------------------------

lightpen ------------------------
---------------------

log-on, user-computer interface ----
..----------------

-positive, user-computer interface ---------------
-----

remote handling equipment -----------------
----- ------

Feedback, user-computer interface ----
---------- ---------

current modes ----------------------------------------

feedback message content ------ ------------
----- ------

5.2.4.4
5.3.1.3
5.2.2.1.11
5.5.4.2
5.9.10
5.9. 1o.6
5.9. 10.3
5.9. 10.5.3
5.9. 10.1
5.9. 10.5
5.9. 10.5.1
5.9. 10.2
5.9. 10.5.2
5.9. 10.7
5.9. 10.4
5.10.1.3
5.9. 10.8

5.1.1.4
5. 15.2.3.8
5.4.3. 1.2.4
5.15,4.1.13
5.15.4.1.14
5.15.3.4.4
5.4.3. 1.3.6
5.15.2.5.4
5.15.1.5.2
5. 15.2.1.2

5.10.2
5.15.5
5. 15.5.5
5. 15.5.8
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177 -
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55
247
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88
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55
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input
proce
stand
time-
use -
user

ighted option selectlon -------------------
------ 5. 15.5.6

confirmation ----------------------------------- 5. 15.5.4

SS outcome ------ --- --------—-------------------- 5.15.5.3

-by -------------------------- ------------
------- 5.15.5.2

consming processes ------------------ ---------
-- 5. 15.5.9

-------------------- 5,15.5.1------------- ---- ----- ----- --

input rejection ----------------- -
—---- ----- ----- 5.15.5.7

Field
definition ----------------.------------.-------------- 3.31

visual (veh~cle visibility)
-------------------------- 5.12.5.2

Field of view
head-up displays ------------------------------------- 5.14. ].1.5.4

optical equipment ----- ----- ---_---------------------- 5. 11.3.5

F~eld use panel dimming (panel illurn~natlon)
~----------- 5.2. i.2.i.3

Fields
comparative data ------.--------------------------.---- 5.15.3.1.8

distinctiveness of, form filling
--------------------- 5. 15.4.3.4

labels, form fill~ng
----- ---------- ------------------ 5.15.4.3.5

recurring data --------------------------------------- 5. 15.3.1.6

Fighting load --------------------------------- ---------- 5.11.1

Figures, drawing ------ .--------------------------------- 5.15.3.6.18

File
definition ~----_-------------------------------------

head- ~n~ foot-of -------------------- -------------------

Files, incorporate existing --------- --------------------

Filtering, speech reception -------------------------- ---

Filters, optical instruments
--------------------------- -

general -----------------------------------------------

use ------------------z-------------------------------

Filters, automotive subsysteu
--------- -----------------

Fine setting knob, control display movement ratio
----- --

Finger operated displacement joysticks ------------------
dimensions, resistance and clearances ----------------
dynamic characteristics ------------------------------
specific uses --------

--------------------------------

Finger operated isometric joysticks ---------------------
dimensions, resistance and clearances ----------------
dynamic characteristics

-.----------------------------

specific uses ---------- ------------------------------

Finger operated push buttons
----- ----- ----- ----- ----- ---

Fingertip operated displacement joysticks ---------------
dimensions, resistance and clearances ----------------
dynamic characteristics ------------------------------
specific uses ----------------------------------------

Fingertip operated isometric Joysticks ------------------
dimensions, resistance and clearances ----------------
dynamic characteristics

------ ----- ------ -------------

specific uses ---------------------- ----
--------------

Finger-thumb strength, high-force controls --------------
Finish, counters ----- ----- ------------ ------ ----- ----- --

Fixed function (dedicated) keys ---- -----------
----- -----

3.32
5.15.3.7.15
5. 15.11.6
5.3.8.2.2
5. 11.3.15.1

5.11.3.15.1.1
5.11.3.15.1.2
5. 12.9.1.2
5.1.4.4
5.4.3.2.2.2
5.4.3.2.2.2.3
5.4.3.2.2.2.2
5.4.3.2.2.2.1
5.4.3.2.3.2
5.4.3.2.3.2.3
5.4.3.2.3.2.2
5.4.3.2.3.2.1
5.4.3. 1.1
5.4.3.2.2.3
5.4.3.2.2.3.3
5.4.3.2.2.3.2
5.4.3.2.2.3.1
5.4.3.2.3.3
5.4.3.2.3.2.3
5.4 .3.2.3.2.2
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5.4.4.2
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actuation ------ ------ ------ ------ ------ ------ ------ -- 5.15.2.3.7

availability ---------- ----- ----- ----- ----- ----- ------ 5.15.2.3.4

feedback --------------------------------------------- 5.15.2.3.8

function labels --------- ----------------------------- 5.15.2.3.9

functional consistency ----- ----- --------------------- 5.i5,2.3.3

grouping --------------------------------------------- 5.15.2.3.6

non-active keys -------------------------------------- 5.!5.2.3.5

standardization ----------------e--------------------- 5.15.2.3.2

use ..-------------------- ----------------------------- 5.15.2,3.1

Fixed function keys. interact~ve control ---------------- 5.15.4.4

Fixed ladders ------------------------------------------- 5.’?.7

Fixed ladder dimensions ------ --------------------------- 5.7.7.4

Fixed pointer
circular scale ---- -- - -- - - .-- - - - - - - -- - - - ------ -- - - - . --- 5.1.3.5

linear scale -------------------------- --------------- 5.1.3,6

Fixed pointer, mov~ng scale Indicators ------------------ 5.~”3s3
alignment of pointer or fixed reference line ---------- 5.2.3.3.3

numerical progression ------- ---------- ---.--.-------- 5.2.3.3.1

orientation -----------------------------.------ ------ 5.2.3.3.2

Fixed reference line, moving scaie Indicators ----------- 5.2.~.3.3

Fixed-scale indicators, moving pointer ------------------ 5.2.3.2

Flags, other displays ----------------------------------- 5.2.6.5

contrast -------------------------- --.------------ ---- 5.2.6.5.4,
legend ------ ----------- ---------------------.-------- 5.2.6.5.6

malfunction indication ------------------------------- 5.2.6.5.5

mounting ------- --------- ----------------------- ------ 5.2.6.5.2
snap action ------------- ------------------.------ --.- 5.2.6.5.3

test provision ------------- -------------------------- 5.2.6.5.7

use ----- ------------ ------------.-------------------- 5.2.6.5.1

Flash, display coding ----------------------------------- 5.15.3.3.2

Flashing lights, transilluminated dispiays -------------- 5.2.2.1.19

Flexible
data entry, form filling ------ ----- ---------- ----- --- 5.15.4.3.13

printing options ----- ------------- ----- ----- ----- ---- 5.15.3.7,14

Floors, aerospace vehicle design ------ ------------------ 5.14.3.6

Floor space, workspace ----.----------------------------- 5.7.1.3

Flotation, escape capsule ------------------------------- 5.14.4.3.8.4

Fluid, electrical, mechanical, toxin and radiation hazard 5.13.7
Fluid hazards ------------------------------------------- 5.13.7.3

connectors .------------------------------------------ 5.13.7.3.1

fluid and fuel service equipment --------------------- 5,13,7.3.2

Folding handle, cranks ------ ---------------------------- 5.4.2.2.4.4

Font legibility, CRT displays ----- ----- ----- ----- ----- -- 5.2.4.10
Foot controls

access to, aerospace 9eats ----------------------- ---- 5. 14.2.4.5
lifting vehicles ------------------.------------------ S. 12.8.4

high-force controls ----------------------------.----- 5.4.4.3
Foot dimensions ---------- ----- ----- ---------- ----- ------ 5.6.2
Foot operated controls ---------------------------------- 5.4.~.8.6

avoidance -------------------------------------------- 5.4. 1.8.6.2

configuration and placement ------------------------’- 5.4” 1’8-6.4
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operation .-----.-----.------ ------ ------ ------ ------ -

use ------ ------ ------ ------ ------ ------ ------ ------ --

voice communications ----- ----- ----- ----- ----- ----- ---

Foot-operated switches ----- --------- ----- ----- ----- -----

dimensions , resistance and displacement --------------

feedback ------ ------------ --.------------------------

operation ------ ------------------------- ----.---- ----

use -----.--------------------------------- ------- ----

Foot surface, inclines, stairs and ladders --------------

Footholds and handholds
aerospace vehicles ------ ----- ------------------------

lifting vehicles --------- ---------.------------------

Force limits (also see Resistance) ----------------------

handle ---------------- ----- --------------------------

hatches ----- ----- ----- ----- ---------- ----- ----- ----- -

horizontal push and puli -.-..------------------------

vertcal push and pull -----------------------------.--

Fore and aft adjustment, aerospace seats ----------------

Forearm support, tracking equipment ---------------------

Forklift
vehicles ------.--------------------------------------

visibility ---------.-------------------.-------------

Form, readily usable (display format) ----------’ --------
Form filling ------------------------------------------.-

dimensional units ---------------------------- ---.----

distinctiveness of fields ----------------------------

entry length indication ------------------------- -----

flexible data entry ----------------------.-----------

field labels ------ ------------------------- ----------

form filling for control entry -----------------------

format and content consistency -----------------------

informative labels -----------------------------------
logical order ----------------------------------------

non-entry areas ----- ---------------------- -----------

control , text/program editing ------------------------

dispiay, data display --------------------------------

information, visual displays --------------- ----------

predefine graphic ------------------------------------

predefine, text/program editing ---------------------

standardization, display content -------------------- -
vehicle operating instructions ------ ------ ------ -----

Forms , stored message - - - - - - - - - - - . - - - - - - - ---- - - - - -- - - - - - -

5.4. 1.8.6.3
5.4. 1.8.6.1
5.3. 10.3
5.4.3. 1.2
5.4.3. 1.2.3
5.4.3. 1.2.4
5.4.3. 1.2.2
5.4.3. 1.2.1
5.14.3.5.2

5.14.3.2
5.12.8.8
1.4
5.9. 11.5.6
5.7.8.2.2
5.9. 11.4.1
5.9. 11.4.2
5.14.2.4.2
5.11.2.4

5.12.8
5.12.5.9
5.15.3.1.3
5.15.4.3
5.15.4.3.6
5.15.4.3.10
5.15.4.3.4
5.15.4.3.7
5.15.4.3.13
5.15.4.3.5
5.15.4.3.16
5.15.4.3.3
5.15.4.3.2
5.15.4.3.14
5.15.4.3.15
5.15.4.3.12
5.15.4.3.8
5. 15.4.3.9
5.15.4.3.1
5.15.4.3.11

5.15.4.2.4
5. 15.3.7.9
5.15.3.1
5.2. 1.3.3
5.15.3.6.15
5.15.3.7.10
5.11.3.11.3
5.15.3.2.1
5.12.4.2
5. 15.11.5

74
73
64
88
92
92
92
88

243

242
230

2
203
163
194
195
241
216

229
228
252
267
268
268
268
258
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268
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259
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Free-moving KY controller (mouse! -----------.------------ 5.4.3.2.6

application ------------------------------------------ 5.4,3.2.6.1

dimensions and shape ----- ---------------------------- 5.4.3.2.6.3

dynamic characteristics .----.------------------------ 5.4.3.2.6.2

Freeze
display ----------- ----------------------------------- 5.15.3.4.3

feedback ------ ------------------------- ----------.--- 5.15.3.4.4

Frequency, characteristics of audio warning s~gnals ----- 5.3.3.1

range -------------------- ---------------------------- 5.3.3. 1.1

spurious signals ------------------------------------- 5.3.3. 1.2

Frequency
audio displays --------------------------------------- 5.15.3.8.5

carrying, =ight -----.------------------ ------------- 5.9. 11.3.6

data gnouped by ---------- ----------------.----------- 5.15.3.1.4.3

de-emphasis, audio ---- ------------.------------------ 5.3.8.3

lifting, weight ----z------------..-------------------- 5.9. 11.3.2

pre-emphasis, audio ------.------------------------- -- 5.3.7.4

speech transmission equipment, audio ----------------- 5.3.7.1

Frequency of use, visual displays ----------------------- 5.2. 1.4.8

Frequency range
audio signals ----------------------------------c----- 5.3.3. 1.1

speech reception equipment --.---------------------- -- 5.3.8.1

Frequently used text, texttprogram editing .
-------------- 5.15.3.7.11

Function
allocation -----------------.----------- -------.-----. 4.3

critical, location (indicator lights) ‘--------------- 5“2”2. 1.7
data grouped by -------------------------------------- 5.15.3.1.4.2

direct call, menu selection ------------------ -------- 5.15.4.2.8

key, definition ----.-------------------------- ------- 3.33

key, fixed ---------------.--------------------------- 5.15,2.3

key, variable ---------------------------------------- 5.15.2.4

labels, fixed function keys
---------------------.---- 5. 15.2.3.9

separate adWtabiliW ‘------------------------------ 5.9.1.4
sequence ------------ ---- ----------------------------- 5.2. 1.4.7

supportive-audio --------------------- ---------------- 5.15.3.8.3

Functional
consistency ------------ ---------------- -------------- 5.15.2.3.3

labeling, controls and displays ---------------------- 5.5.6.2.3

integration, data and message transmission
----------- 5.15.11.1

Functional grouping, controlldisplay integration -------- 5.1.2. 1
access - --- - - - . - - c -- - - - - - - -- - - - - - - -- ---- - - - - - - - - -- - - - - 5. 1.2.1.1.2

conaiatency ------------------------------------------ 5.] .2.1.1.4

group arrangement --------------------------------.--- 5. 1.2.1.1

group marking ---------------------------------------- 5.1.2.1.1.3

sequence ----- -------a-- ----- ----- -------------------- 5. 1.2.1.1.1

Functions
easy return to base-level ---------- ----- ---------- --- 5.15.2.4.6

equ~pment (labels) ---------------------------------’- 5“5.3.1

reprQgrammable or inactive default ------------------- 5.15.2.4.3

Fuses and circuit breakers ------------------------------ 5.9. 17.2

Page

113
113
114 –
113

256
256
57
57
57

263
194
253
63
193
62
62
29

57
63

262

17
33

253
267

11
250
251
251
183
29

263

250
126
2’77
21
22
22

21
22
22

251
122
25J
208
209circu~t breaker controAs ----- ----- ----- ----- ----- ---- 5.9. 17.2.4

—

—

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



l’1Jl--Jlu-l-4/Lu

INDEX
Paragraph

circuit breaker dimensions and separations -..-------. 5.9. 17.2.5

gene~al ------ ----.- ------ ---------------------------- 5.9. 17.2.1

markings -----------.----------------------- .--------- 5.9. 17.2.3

replacement and resett~ng -------- ----------------.--- 5.9. 17.2.2

G

Ganged control knobs ------- --------------- --------------

application *-----.-----------------------------------

dimensions and separation ---.------------------------

inadvertent operation -----.---------------------------

knob/dispiay relationship ----------------------------

marking ----------------------------------------------

resistance ---------------------- ------ ---------------

Ganging to mode switches, volume control --.-------------

Gear lock, landing (trailers) ----- ----- ----- ------------

General equipment-related hazards -- - - - - - - -- - - - - -- - - - - - - -

access - - - --- - ---- - - - ----- -- - - - - - - -- - -- - - - - - - - - - - - - - - -

edge rounding ----------------------------------------

hazardous access ----------------------.--------------

interlocks and alarms -------------.------------------

safety pins and streamers -------------- --------------

General labeling criteria .-------.-------- --------------

General provision, facility design
/

----------- -----------

General requirements, MIL-STD-1472D ------------- --------

design for electromagnetic pulse (EMP) hardening -----

design for ?IJBCsurvivability ----.--------------------

fail-safe design -------------------------------------

function allocation .---------------------------------

human engineering design -----------------------------

interaction ------------------------------- -----------

objectives ---.----------------- ----------------------

ruggedness -----------------------------------.-------

safety - - - -- -- ----- ---- - - - - - - - --- - - - - - . - - - - - - - - - - - - - - -

simplicity of design ---------------------------------

standardization ---- ---------------.---------.-----.--

General workspaces, acoustical noise --------------------

General workspace hazards -------------------- ---------.-

alerting device ------------------------------.-------

emergency doors and exits ---------.------------------

illumination ---------------------------------------’-
obstructions -------------- ------ -----------------.---

stairs -------------- ------.----------------- -----.---

thermal contact hazards --------------------------- ---

Glare
reflected, CRT -------- ---------------- ---------------

vehicle visibility -------------------------------.---

G-loading, controls ------ ------- ------------- -----------

Gloves , compatibility with controls ----------- ----------

Graduation, size (labels) ---------------- -------.-------

Graduations , scale mark~ngs -- -- -- . --- ---- - - - - - -. - - - - - - - -

5.4.2.2.2
5.4.2.2.2.1
5.4.2.2.2.2
5.4.2.2.2.6
5.4 .2.2.2.5
5.4.2.2.2.4
5.4.2.2.2.3
5.3.6.4.2
5.12.7 1.4
5.13.5
5.13.5.2
5.13.5.4
5.!3.5.3
5.13.5.1
5.13.5.5
5.12.4.6
5.8.3.4.1
4.
4.11
4.10
4.5
4.3
4.4
4.7
4.1
4.9
4.8
4.6
4.2
5.8.3.3.1
5.13.4
5. 13.4.1
5.13.4.2
5. 13.4.5
5.13.4.4
5. 13.4.3
5.13.4.6

5.2.4.7
5. 12.5.6
5.4 .1,1.2
5.4.1.6
5.5.6.2.5
5.2.3. 1.5.1

Page

209
208
208
206

91
81
81
84
84
81
81
61

229
235
235
235
235
235
235
227
177
17
19
19
19
17
17
19
17
19
19
19
17

175
233
233
233
234
234
234
234

45
228
67
72

127
39

327

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-147W

1NDEX

Graphic dispiays --.-----.---------- ------ ------ ------ ---

automatic data registration -------------------- ------
bar graphs -------.--------------------------.-.------

bar spacing ------------------------------------------

changing size ----------------------------------------

computer derivation of graphic data ----- ----- --------

confirming cursor position -------------------- -------
consistent scaling -----------------------------------
~a~a ~nno~a~lon ---------------------------- -----------

display of scale ----------------- --------------------

displaying current attributes ------------------------
distinctive cursor -----------------------------------

direct display of differences ------------------------

drawing figures ------.-------------------------------

drawing lines -----------------------------------.----

easy storage and retrieval ------ ------ .--------------

graph axes ---------------.------------------- --------

highlighting critical data ---------------------------

histogram (step chart!3) ----------------------- ------

nor~l orientation for labels ------------------------
pictorial symbols ----- -------------------------------

pointing -------------------------------- -------------

precise positioning -------------------------,------- --

predefined graphic formats --------------- -.-.--------

recurring data --.-----------------.------------------

reference index --.----.--------- ---------------------

refresh rates ----------------------------------------

selecting from dlspiayed attx’ibuteg ------------------
selecting graphic elements -------------- -------------

single scale only --------------------------- ------ ---

trend lines ------------------------------------------

unobtrusive grids ----- ----------------e--------------

use --------------- -----------------------------------

Graphic interaction ---------.--------.------------------

iconic menus ---------- ----- ---------- ----- ----- ------

Supplementary verbal labels -.---------------_----_-c-
use --------------------------------------------------

Graphic panels ------------------------------------------

Grasp
area force requirements ---------------------- --------
areas -----------------------------.------------------

areas . hand ------ ----- ----- ----- ----- ----- ----- ------

surface ------------------- ---------------- -----------

Gravity, variable (crew compartment design) ------ ------ -

Grid and stylus devices ----- ----- ----- ----- ----------- --

application -------- ----- ----- ---------- ---------- ----

dimensions and mounting ----.-------------------------

dynamic characterlst~cs ------ ------ ----- ----- ----- ---

Grip handles, cranks ----- ----- ---------- ----- ----- ----- -

Ground view, vehicle visibility ----- ----- ---------- -----

Ground workspace design ---------------.------------------

Paragraph

5.15.3.6
5.15.3.6.14
5.15.3.6.30
5.15.3,6.30.1
5.15.3.6.19
5,15.3.6.16
5. 15.3.6.9
5.15.3.6.26
5,15.3.6 22
5.15.3.6.25
5.15.3.6.12
5.15.3.6.7
5.15.3.6.29
5.15.3.6.18
5.15.3.6.17
5.15.3.6. !3
5.15.3.6.4
5.15.3.6.20
5.15.3.6.30.2
5.15.3.6.23
5.15.3.6.24
5.15.3.6.6
5.15.3.6.8
5.15.3.6.15
5. 15.3.6.2
5.15.3.6.21
5.15.3.6.3
5.15.3.6.11
5.15.3.6.10
5.15.3.6.27
5.15.3.6.5
5.15.3.6.28
5.15.3.6.1
5.15.4.8
5,15.4.8.2
5.15.4.8.3
5.15.4.8.1
5.2.2.4.2

5.9. 11.5.6
5.9. 11.5
5. 13.2.7
5.9. 11.5.4
5. 14.2.2.5
5.4.3. 2.5
5.4.3.2.5.1
5.4.3. 2.5.3
5.4.3.2.5.2
5.4.2.2.4.2
5. 12.5.3
5.7

Page

258

259
261
261
260
260
259
260
260
260
259
259
261
260
260
259

258
260
261
250

260
258
258
259
258
260
258
259
259
260
258
261
258
~7J

271
271
271
37

203
203
233
203
240

111
111
113
113
86

227
145

328

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



Paragraph Page

Ground potential, electrical hazard ----- ----- ----- ------- 5. 12.7.1.5

Group

arrangement .fwctional ------------------------------- 5,1 .2,1,1
labels , data ---------.------ ------------------------- 5.15.3.1.10

marking, functional ---------- ----------------------.- 5,1,2, 1,],3

Grouped
frequency, display format -------------- ------ -------- 5. 1543.1.4.3

function, display format ----------------------------- 5. 15.3.1.4.2

importance, di$piay format -- ---.-- ----- ----- ----- ----- 5. 1543.1.4.1

Grouping
alphanumeric, tabular data ----- ----- --------.-------- 5. 15.3.5.8

arrangement, controls ---------------- ---------------- 5.4.1.3

controls ------------------------------------------- -- 5.4. 1.3.1

displays -------------------.------------------- ------

fixed function keys ----- ----- ----- ----- ----------- -...

form filling ---------- ---- ------------------------.---

functional, control/display integration --------------
transilluminated displays -----.-------------------- --

Groups
arrangement within ---------------.------.---------- --

component ------ ----- ----------.------------- ------ -1-

ocation and arrangement (aerospace vehicles) ------ --

Guard, cover (push button) ----- --.----------------------,
Guards , mechanical hazards -------.-.--.---------------.-

Guarding hazardous conditions ---------------------------
Guardrails, stairs, ladders & ramps ---------------------

Quides , case design -----------------------------.-------

H

5.2. 1.4.6
5,15.~.3-6
5.;5*4.3-~

5.i.2.l
5.2.2. 1.5

5.1.2.3
5. 1.2.3.7
5. 14.2.2.2
5.4.3. 1.1.4
5.13.7.2.1
!5.9.9.5. 1.5
5.7.7. 1.3
5.9.7.4

Hand
access , openings and covers ---.---------------------- 5.9.9.5.1
controls, high force - - - - - . - - - - - - - - - - - - - ---- -- -- - -- --- 5.4.4.2

dimensions -------------.--.-------------------------- 5.6.2

grasp area placards ------------------------ ------ ---- 5. 13.2.7
strength --------------------------------------------- 5.4.4.2

support, tracking equipment -------------------------- 5. 11.2.4

surface, inclines, stairs & ladders ------------------ 5. 14.3.5.2

tools, common (definition) -----------.--------------- 3,9

tools, electrically-operated (electrical hazards) ---- 5. 13.7.1.6
Hand operated displacement joysticks -------------------- 5.4.3.2.2.1

dimensions, resistance and clearance ----------------- 5.4.3.2.2. 1.3

dynamic characteristics ------------------------------ 5.4.3.2.2. 1.2
specific use --------------------- ‘------------------- 5.4.3”2.2.~.1

Hand operated isometric joysticks ----- ----- ----- ----- -- 5.4.3.2.3.1
dimensions, resistance and clearance ----------------- 5.4.3.2.3. 1.3

dynamic characteristics ------------------------------ 5.4.3.2.3. 1.2
specific use ---------- -------------------------------

Handbooks,

5.4.3.’2.3.!.1
referenced documents ----- ----- ----- ----- ----- 2.1

Handheld sights, unstabilized, unsupported ‘------------- 5. 11-3.4.2
Handholds and footholds ------------------------- ‘------- 5.12”8.8

23e

21
253

VJ

2S8
68
68
29

251
26-
21
33

22
23

240
88

236
190
156
186

187
116
?-9
X3
116
216
243

10
236
107
107
10?
107
109
109
109
109
3

216
230

329

-.

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



Handholds, emergency evacuation --------------”-- --------
5. 14.4.1.”

Handholds, ingress and egress ------
-- - - - - - - - --- - - - -- - - - - 5. 14.3.2

Hand-carrying equipment, stairs & ramps
- - - - --- - - - - -- - - - - 5,7.7. 1.2

Handle
dimensions, displacement & clearances, controls

---c--
—
folding, cra~~~

----- ------ ------ ------ ---- - - -- -- -- - - -

grip, cranks -----------------------
----- ----------- ---

positions, shift (vehicles)
----- ----- ----- --------- --

spinner , handwheels ----------------------------------

workspace design
----- ------ --------------------------

Handles and grasp areas -
--------------------------------

design --------------------_-.------- -----------------

dimensions -------------------------------------------

force requirements
------------------------ -----------

general ‘---------------------------------
------------

grasp surface -----------------
--------------------------------

location -.------------- ------- ------ -----------------

material ---------------------------------.-----------

nonfixed ---------------------------------------------

5.4.3. 1.6.2
5,4 .2.2.4.4
5.4.2.2.4.2
5.12.4.4
5.4.2.2.5.3
5.7.1.2
5.9. 11.5
5.9. 11.5.1
5.9.11.5.5
5.9, 11.5.6
5.9. 11.5.1
~ g.~:.5.4

5.9. 11.5.2
5.9. 11.5.7
5.9. 11.5.3

Handling
design of equipment for remote

----- ----- ----- ----- --- 5.10

unit design for efficient
---------------------------- 5.9.11

vehicles, material ----------------------------------- 5.12.8

Hand-operated push button
----------------------:-------- 5.4.3. 1.1

Handrails
platform, safety -------------z----------------------- 5.13.6.2

stairs , ladderz & ramps ------------------------------ 5.7.7. 1.3

Handsets. accessibility ------------------------------ --- 5.3.9.3

Hands-free operation, comunnication equipment ----------- 503W9=2

Handware, compatibility with controls ------------------- 5.4.1.6

Handwheels (two-hand operated)
-------------------------- 5.4.2.2.5

dimensions, resistance. displacement and separation -- 5.4.2.2.5.5

direction of movement
---------------------- ---------- 5.4.2.2.5.4

power steering failure
------------------------------- 5.4.2.2.5.7

Spinner handles ----------------------
---------------- 5.4.2.2.5.3

steering ratio ---------------.--------------------- -- 5.4.2.2.5.8

steering wheel shape ----- ---------------------.------ 5.4;2.2.5.6

turning aids ----- ----- --------- ---------------------- 5.4.2.2.5.2

use -------------------- ---------------
--------------- 5.4.2.2.5.1

Hard copy, other requirements --------------------------- 5. 15.10.2

Harnesses, safety (eject~on sYste~) ‘------------------- 5. 14.4.3.2
Hatches for normal exit/entrance, aerospace veh~cles ---- 5. 14.3.1

exit markings ----- ----- ---------- ----- --------------- 5. 14.3.1.1

Hatches, workspace design ------------------------------- 5.7.8.2

configuration --
_------------------------------------- 5.7.8.2.1

dimensions --------------- ---------------------------- 5.7.8.2.3

force requirements ----- ----- ----- ----- ----- ----- ----- 5.7.8.2.2

Hazard
alarms ----- --------------- --------- ------------------ 5. 13.5.1

area illumlnatlon, safety
------------- ----- ----- ----- 5.13.4.5

electrical ----- ----- ----- ----- ----- ----- - ----- ----- -- 5. 1:.7.1

244
242
156

iOi

86
p~

227
66
145
203
203
203
203
203
~~~

203
203
203

211
192
229
08

235
156
64
64
72
86
86
86
98
86
88
88
86
86

277
244
242
242
163
163
163
163

235
234
235

330

-&*-- -E L . .

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



fluld ------ -------- ----- ---------- ----- ----- -----.----”

interlocks ------ ------ ------ ------ ------ ------ ------ -

mechanical ---------- ----- ---------- ------ ------ ------

radiation ------ ------ ---- ------ ------ ------ ------ ----

thermal contact -------- -------- -------- -------- ------

toxic -------------------------- ‘---------------------
Hazards and safety ------ ------ -----..------ ------------- -

electrical, mechanical, fluidt radIat Aon and toxic ‘--
general -e------------- ----- ----- ----- ----- ----- ------

general equipment -~elated hazards ---.-- ------ ------ --

general workspace hazards ------ ------ ------ ------ ----

pipe, hose and tube line identification ------ ------ --

platforms ------- ------ ------ ------ ------ ------ ------ -

safety labels and pl~car’dg ---------------------------
Hazardous

access -----------------------‘------ -------....-----------

conditions, guarding -----------------------.---------

locations, adjustment controls -----------------------
noise, acoustical noise --------.---------------------

operations, control of (ground/shipboard vehicles) ---
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---------- ------
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Limited thermal tolerance zones ------------------------- 5.8.1.8
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size, weight ----------------------------------------- 5.9. 11.3.3 193
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Metric equivalents, abbreviations, and prefixes ----- ---- 3.45 ]~

Metric system equivalents ----.--------------- -----.----- Foreward Ii
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hierarchical , interactive control ‘------------------- 5.15”4”1”7

outcome , feedback ----- ----- ----- --------------------- 5.15.5.3

time-conswing. feedback ----- ----- ------------ ----- -- 5. 15,5.9

Process change, error recovery
-------------------------- 5.15.8.6

Processing
delay, data entrY ---- ---------- ----------------------

speech signal, definition
------ ----- ----- ----- ----- --

sPeech, verbal warning signals --------- ----------- ---
proficiency levels, vibration ------- ---------------- ---
Program edit commands ----- ----- ----- ----- ----- ------ ----

Program editing, text ----- ----- ----- ----- ------- ------ --

Prohibited types of signals, warning devices ------------
Projected data, legibility ----- ----- ----- ----- ----- -----

Projection displays, optical ------ -------------- ------ ---

ProjectIons , man-transporable equipment -----------------

Prompt, definition --------------------------------------

Prompts ------------ -------------------------------------

consistent terminology -------- -----------------------

definitions ------------------------------------------

explicit prompts ---- ---- ---------—-------------------

prompt clarity ---------- ----- ----- ---------- ----- ----

standard display ----- ----- ----- ---------- ----- ----- --

use ------ --------------------------------------------

Prompts, messages at the bottom (display format) --------
Proportions , numeral (counters) --------------------------

5.15.2.1.3
3.62
5,3.5.4
5.6.4. 1.1.2
5.15.3.7.4.2
5.15.3.7
5.3.4.3.6
5.2.6.6.4
5.2.6.6
5.11 .i.2.5
3.51
5.15.6
5.15.6.6
5.15.6.5
5.15.6.3
5. 15.6.4
5. 15.6.2
5. 15.6.1
5. 15.3.1.9.2
5.2.6.2.3

Protection
cable ------------------------------ ------------------ 5.9. 13.7

control , ejection systems --------------------- ‘------ 5“~4”4”3”4
control , escape exits --------- ---- ------------------- 5. 14.4.2.5

protection, data and error management ------------------- 5.15.8
Protection from accidental activation, controls --------- 5.4. 1.8.4
Protective

clothing, placards ---------*-------------------------- 5.13.2.4

covers ------------------------------- ‘--------------- 5.9.14.13

items, identification of ------ ---------------- ----- -- 5. 13.2.4

Prototype and production equipment labels ----- ----- ----- 5.5.1.3

Protrusions , exterior (emergency evacuation) ---------- -- 5. 14.4.1.5

Provision, capsule (ejection systems) ------------------- 5.14.4.3.8.1
Provision for hand-carrying equipment ------------------- 5.7.7. 1.2

Provision of operating instructions (vehicles) ---------- 5.12.4.1
Pull force

horizontal ----- ----- ----- ----- ----- ----- ----- -------- 5.9. 11.4.1

vertical ---------- ---- -----_---.---------------- ----- 5.9. 11.4.2

Punctuation
command language -------------------- ‘---------------- 5.15”4”5”4
numeric , tabular data ---------- ---------------------- 5. 15.3.5.7

Pupil
entrance , optical equipment -------------------------- 5. 11.3.6

exit, head-up display -------------------------- ‘----- 5. 14.1.1.5.5
exit, optical equipment ------- ----------------------- 5. 11.3.7

35-;

Page

265
271
272
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248
16
60

177
261
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59
51
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215
14
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PurgLng, optical equipment .----- —----- ------ ------ ------ 5 .11.3.18.5

Purpose , MIL-STD-1472D --------------------------------- - 1.2

Push buttons (finger or hand operated) ------------------ 5.4.3. 1.1
channel or cover guard ----------------------- -------- 5.4.3. 1.1.4

dimensions, resistance, cilsplacement, and separation - 5.4.3. 1.1-5

interlocks or barriers ------------------------------- 5.4.3. 1.].6
positive indication ----- ----- ----- ------ ----- -------- 5.4.3. 1.1.3
shape ---------------------- ‘------------------------ - 5-403.~”~”~
use ----- --------- ----- ----- ----- ----- ----- ----- ------ 5.4.3. 1.1.1

Push and pull forces ------------------------------------ 5.9. 11.4
horizontal -------- ----------------------------------- 5.9. 11.4.1
vertical --------------------------- ‘----------------- 5“9”11”4.2

Push-pull controls, discrete ---------------------------- 5.4.3. 1.8

applications ---------.------------------------------- 5.4.3. 1.8.1
detents ---------------------------------------------- 5.4.3. 1.8.4
direction of control motion ------- ------------------- 5.4.3. 1.8.6
handle dimensions, displacement and clearances ------- 5.4.3. 1.8.2
resistance --------------.------------------------- --- 5.4.3. 1.8.7
rotation ----------------.----------------------- ----- 5.4.3. 1.8.3
snagging and inadvertent contact --------------------- 5.4.3. 1.8.5

Q

Quantitative lnfor=tion, scale indicators ---T ---------- 5.2.3. 1.3

Query language, definition ----------- -------- -----.----- 3.54
Query language -------------------------------------- ---- 5.!5.4.7

coherent representation of data organization --------- 5.15.4.7.3
confirming large-scale retrieval --------------------- 5.15.4.7.6
logic to link queries -----------e-------------------- 5.15.4.7.5
natural organization of data ------------------------- 5.15.4.7.2

task-oriented wording --------------------- -------- --- 5.15.4.7.4

use ------- -.---------------------- ----------.-------- 5.15.4.7.1

Question and answer, definition ------------------------- 3.55

Quest~on and answer ----- ----- ----- ----- ----- ----- ----- -- 5.15.4.6
questions displayed separately ------------------------ 5. 15.4.6.2
recapitulating prior answers ------------------------ - 5.15.4.6.3
source document capability ------------------ --------- 5.15.4.6.4

use -------------------- --.------- ----.------ --------- 5.15.4.6.1

Quick disconnect, plugs (connectors) ----” --------------- 5.9. 14.1

Quick release, optical equipment --------------------- --- 5.11.3.18~3
Quiet areas, extreme (acoustical noise) ----------------- 5.8.3.3.5

R

Racks , rollout (mounting) ------------------------------- 5.9. 12.6
Radiation, toxic hazards ------------------------ -------- 5.13.7.5
Ramps ------ ---------- ----------------------------------- 5.7.7.5

cieatlng ---------- ------- ----------- ---------- ------- 5.7.7.5.1
mixed traffic ----- ----- ----- ----- ----- ----- ----- ----- 5.7.7.5.2

Ramps, stairs and ladders ------------------------------- 5.7.7
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Range
dynamic, speech transmission equipment

--------------- 5.3.7.2 62

frequency, audio warning signals ---------------------- 5.3.3. 1.1 57

frequency, speech reception equipment ---------------- 5.3.8 63

Range of display movement -----.------------------------ - 5.1.4.2 25

Range of adjacent surfaces~ luminance .----------- ------. 5.2.4.5 45

Rapid operation, prevention of accidental actuation ----- 5.4. 1.8.3 72

Rate
movement, counters ---------.----- -------------------- 5.2.6.2.4 47
update, dynamic displays ---.------------------------- 5.15.3.4.2 256

Ratio
control display movement ----------- ---------------.-- 5.1.4 24

luminance, projected data -.-------------------------- 5.2.6.6.4.3.1 51

speech to noise, definition -------------------------- 3.65 16

steering, handwheels ----- -.-------------------------- 5.4.2.2.5.8 88

Reach access dimensions, access openings and covers ----- 5.9.9.5.1.2. 1s7

Readily usable form, display for=t --------------------- 5. 15.3.1.3 252
Rear access, design for maintainer ---------------------- 5.9.4.4 1S6

Rear view, visibility
road .------------- ----------------------------- -.---- 5.12.5.5 228

vehicle ---------.------------------------------------ 5.12.5.4 228

Recapitulating prior answers, question and answer ------- 5. 15.4.6.3 270

Receptacles, electrical hazards ------------------------- 5.13.7.1.2 236

Reception equipment, speech ------------ ------~----.----- 5.3.8 63

Recorders and plotters ---------------------------------- 5.2.6.4 47

Recovery, error (error management) ---------------------- 5. 15.6.6 274

Recurring data, graphic displays ------------------------ 5. 15.3.6.2 258

Recurring data fields, display format ------------------- 5.15.3.1.6 253

Red alphanumeric LEDs/segmented displays, location of --- 5.2.6.6.10 53
Reduction, workload (defaults) .------------.------------ 5. 15.7.1 273

Reduction of reverberation time, acoustical noise ------- 5.8.3.4.3 177

Redundant visual warning, audio warning devices ------ --- 5.3.6.3 61

Redundancy
information ---------------- -------------------------- 5.2. 1,3.4 28

lamp, transilluminated displays ---------------------- 5.2.2.1.13 34

Reference index, graphic displays ----------------------- 5.15.3.6.21 260

Reference line, fixed (moving scale indicators) --------- 5.2.3.3.3 44

Reference scale for adjustment controls ----------------- 5.9.3.3 184
Referenced documents -----.------------------------------ 2 3

Reflected
glare, CRT displays ------------ ------- --.------------ 5.2.4.7 45

light, remote handling equipment ----- ----- ----------- 5. 10.5.1 212

Reflection
transiliuminated displays ----------------.------------ 5.2.2.1.11 34

visual displays .------------------------------------- 5.2. 1.4.4

Refresh rates,

29

graphic displays -------.----------------- 5. 15.3.6.3 258
Registration, automat~c data (graphic displays) --------- 5.15.3.6.14 259

Rejection, user input (feedback) ----- ----- ----- --------- 5. 15.5.7 271

Relabeling, variable function keys ---------------------- 5.15.2.4.4 251
Re-lamping, transilluminated panel assemblies ----------- 5.2.2.4.3 37

359

-.

-—.—-—- —

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-5TD-14720
INDEX

paragraph

Related data on same page. display content ---

.---------- 5.15.3.2.2.2
5.4, 1.4.5.3

Relation to display) cOIOr-cOdlng .
-----------------------

------------- 5.3.2.4
Relation to visual displays, audio warn~ngs
Re~ationship

controlidisplay integration ----------------------- ---
movement , control/display integration ----------------

movement, cursors
--------- ------ ---- .----------------

posit~on, Controlldisplay integration ----------------

Relative position of scale marks and numbers ------------

Relative accessibility -------
---------------------------

Release, quick (optical instr-nts) -
-------------------

Relief, eye (optical instruments)
-----------------------

Remote controls -------
__--------- ----- ---------------

---

Remote handling, design of equipment for ----------------

Removal, lamp
method ---_------------------------------------.------

safety
- - - -- - - -- - -- - _ _ - - - ------ ---- - -- - - -- -- - - -- - - - - - -

Removal of
cases - - - - -- - - -- - - - -- -- ------ -- -- --- -- - - - - -- - -- - -- - - - -

replaceable item
-------------------------- ----------

Removal, mounting
---------------------------------- -----

Remove and replace dimensions,
access openings and covers

Replacement
cOmponent, opticai equip-nt

--------------------- ----

~dular ------------------------------------------ ----

Replacement and resetting, fuses and circuit breakers ---

5.1.1.1
5,1.3
5. 15.2.1.8.7
5.1.2
5.2.3.2.3.6
5.9.4.5
5. 11.3.10.3
5. 11.3.8
5.4. 1.3.5
5.10

Replenishment and service

plotters and recorderg ---------------
--------.-------

printers -----------.------ ---------------------------

Representation af data organization, coherent
-----------

Reprogra-ble or inactive default functions

variable function keys ---------------
---------- ----- -

Request HELP, standard action to
-_----------------------

Requirements and methods, coding
----- ----- --------------

5.2.2.1.15
s.2.2. 1.16

5.9.7.2
5.9.12.11
5.9. 12.~
5.9.9.5. 1.4

s.]l .3.18.6
5.9.1.3
5.9. 17.2.2

5.2.6.4.8
5.2.6.3.9
5. 15.4.7.3

5. 15.2.4.3
5.15.8.12.1
5.4. 1.4.1

Requirements
force, hatches

------------------------ 5.7.8.2.2------ ----------

handle and grasp area force
-------------------------- 5.9. 11.5.6

(optical instruments)
------ -- 5.11.3.4.3

multiple magnification, ---------------- 5. 14.4.3.7
survival , election Sy$teMS -------a---

Reset, auto~t~c ---------- 5.3.6.2

audio warn~ng devices -------------------- ---------------------- 5.2.6.2.4
cOUnters ------

_--_---------------

Page

255
72
57

21
23
249
21
42
185
221
217
68
211

35
35

186
205
203
190

222
183
208

4(-

4L
270

251
274
68

163
203
217
245

61
47

Resistance
ball control

--------------------- 5.4.3.2.4.4 111
------------- -------

---------- 5.4.2.2.4.3 86

Cranks ------
---.---------------- -----------

displacement Joysticks, finger operated
---------- ---- 5.4.3.2.2.2.3 )08

5.4.3.2.2. 1.3 107

displacement Joysticks, hand operated
----------------

displacement joysticks, thumbt~p/fingertip operated -- 5.4.3.2.2.3.3
108

foot-operated switches ---
---------- ----- ---------- --- 5.4.3. 1.2.3 92
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ganged control knobs .----.--------.---.-------------- 5.4.2.2. 2.3 81

handwheels ----------------------------- ‘------------- 5“4.2”2”5”5 86

Isometric joysticks, finger operated ----------------- 5.4”3”2”3”2-3 109

isometric joysticks, hand operated ------------------- 5.4.3.2.3. 1.3 109

isometric joysticks, thumbtipifinger$ip ~perated ----- 5.4.3.2.3.3.3 111

keyboard ------- ------------------------------- ----- -- 5.4.3. 1.3.3 92
key operated switches -------------------------------- 5.4.2. 1.2.2 77

legend switches -----.------.------------- ------------ 5.4.3. 1.5.1 97
levers ----.---------------------------.-------------- 5.4.3.2. 1.6 105

lock-unlock, boresight knob ----- ----- ----- ----- .----- 5. 11.3.18.7.2 223
miniture controls ---------------------- ‘------------- 5.4-5.Q 120
pedals --------------------- -------------------------- 5.4.3.2.8.7 116
printed circuit (PC) switch controls ----------------- 5.4.3. 1.9.2 104

push button ---------- ----- --------------------------- 5,4.3. 1.1.5 88
push-pull controls ----------------------------------- 5.4.3. 1.8.7 104
rocker switches ----------------------- --------------- 5.4.3. 1.6.4 99
rotary seAector switches -.---------“--.------------.- 5.4.2. 1.1.7 75

slide switch controls -----------------.------------- - 5.4.3. 1.7.3 99

thumbwheel, continuous ---.--------------------------- 5.4.2.2.3.4 84
thumbwheel, discrete ------ ------ ------ ------ ------ ----5.4.2. 1.3.8 79

toggle switch controls ----------------.-.---- ------.- 5.4.3. 1.4.3 94
touch screen controls -------------------------------- 5.4.6.5 120

Resolution, axial (optical instruments) ----------------- 5. 11.3.10.1 217
Response .

computer, user-computer interface -------------------- 5.15.1.2 247
equipment, transilluminated displays ----------------- 5.2.2. 1.2 33

Response time, interactive control ---------------------- 5.15.4.1.1 263

interrupt to end keyboard lockout -------------------- 5.15.4.1.1.3 264

keyboard restoration --------------------------------- 5.15.4.1.1.2 264
response time induced keyboard lockout --------------- 5.15.4.1.1.1 264

Response time, system ----------------------------------- 5.15.9 275
Rests and stands ---.------------------------------------ 5.9. 11.1 192
Restraint and seating, aerospace vehicle ---------------- 5. 14.2.4 241
Retitles, optical instruments --------------------------- 5.11.3.11 218

format --------- --------- -----------------.----------- 5. 11.3.11.3 218
line thickness ------------------------------------- -- 5. 11.3.11.1 218
parallax --------------------------------------------- 5.11.3.11.4 218
patterns --------------------------------------------- 5. 11.3.11.2 218

Retitles and illuminated sights ------------------------- 5.11.3.12 218
Reticle lines ------------------------------------------- 5. 11.3.12.6 218
Retrieval, confirming large-scale (query language) ------ 5. 15.4.7.6 271
Retrieval and easy storage, graphic displays ------------ 5.15.3.6.13 259
Return to base-levei functions, variable function keys -- 5. 15.2.4.6 251
Return to top level, menu selection --------------------- 5.15.4.2.14 267
Reverberation time, reduction of ------------------------ 5.8.3.4.3 177
Rocker switches ------.---------------------------------- 5.4.3. 1.6 97

accidental actuat~on ------ ------ ----------- ------ ---- 5.4.3. 1.6.2 97
color and illumination -------------------- ----------- 5.4,3. 1.6.6 99
dimensions, resistance, displacement and separation -- 5.4.3, 1.6.4 99
orientation ----------------------------------------.- 5.4.3. 1.6.5 99
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indication ---------------- ------------------ 5.4.3. 1.6.3
positive --------------- 5.4.3. 1.6.1
use -----------------------

------------

Rollout racks, slides or hinges --
-------- --------------- 5.9. 12.6

Rotary controls
----------- ------------------------------ 5.4.2

Rotary controls, discrete
------------------ --------- ---- 5.4.2.1

Rotary selector switches
_-_----------------------------- 5.4.2. 1.1

-------------------- 5.4.2. 1.1.5
contrast -------------------------

dimensions, resistance, displacement and separation -- 5.4.2. 1.1.7

moving pointer
--------- ------------------------------ 5.4.2. 1.1.2

---.------------ ------------------------------ 5.4.2. 1.1.6
parallax

------ -----.------------------.-------- ----- 5,4.2. 1.1.4
positions

shape ------_----------------------------------------- 5.4.2. 1.1.3

--------------------------------------------------
5.4,2. 1.1.1

use
Rotation, push-pull controls ----

--------------------- --- 5.4.3. 1.8.3

99
97

205
74
’74
74
75
75
75
75
75
75
74

101

Rounding
access openings and covers

--------------------- .----- 5.9.9.4 le7

-------------- 5.13.5.4 235
edge, general equipmnt-related hazards

Routine signals, differentiation from (audio alarm) ‘--- ~“~”~3345
59

206
Routing, cable

----------- ------------------------------- . , .
5.15.3.5.14 258

Row scanning cues, tabular data
-------------------------

general requirements
------------------------ 4.9 i9

Ruggedness,

s /

Safety

bars, chains and handrails ----------- -
——------ ---

general requirements
------------ --------------------—

harnesses, ejection syste- --------------------------

level , whole body vibration -------
-------------------

manipulators , remote handling equipment --------------
mesh --------- ----------------------------------------

Safety and hazards
--------------------------------------

electrical, mechanical, fluid, toxic and radiation ---

general -----------------------------------
----- ----- -

general equipment-related
----- -----------------------

general workspace
----- ----- --------------------------

labels and placards
-------------”-- ------------------

pipe, hose and tube line identification
--------------

platforms ----- ----- ---- ---------------.------------- -

Safety labels and Placards ‘-------- -------------
----- ---

----— ————— 5. 13.6.2 235

-- 4.8 19

5. 14.4.3.2 24

5.8.4. 1.1.1 17”1

5. 10.3.1 211

5. 13.6.3 235

5,13 233

5.13.7 235

5.13.1 233

5.13.5 235

5.13.4 233

5.13.2 233

5.13.3 233

5.13.6 235

5 13.2 233-—— -.---—
~ 13 2.2 233——---------

Center-of-gravity and we~ght ------------------ -

electrical labels
------.------- ----------------------

hand grasp areas
---------- ----- ------- ----- ----- -----

ident~fication Of protective item ------
-------.-----

●NO-STEP” =rklngs
---- -------------- ----- ----- ----- --

warning placards ---
-___----------- ---- ---------------

~lght capacity ---------------- ----
------------------

“..-.— -—

5.13.2.6
5.13.2.7
5. 13.2.4
5. 13.2.5
5. 13.2.1
5. 13.2.3

233
233
233

233
233
233

Safety pins and streamers 5.14,4.3.5 245
ejection syste-

------------.-------------- ------ ----

general equipment-related
5. 13.5.5 235-------- --------------- -----
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Scales
c~rcular -------------------- ‘------------------------ 5.2.3.2.3

circular, fixed pointer ---------.-------------------- 5.1.3.5

circular, moving pointer ----------------------------- 5.1.3.3

curved, horizontal & vertlca~ straight ‘-------------- 5.2.3.2.4
linear, fixed pointer -------------------------------- 5.1.3.6

linear , moving polnte!” ------ ------------------------- 5.1.3.4

reference for adjustment controls -------------------- 5.9.3.3

Scale break ----------------------.-----------------.---- 5.2.3.2.2.3

Scale, display of (graphic displays)
-------------------- 5.15.3.6.25

Scale indicators ----------.----------.----------.------- 5.2.3

general ------------------------------------- --------- 5.2.3.1

linear scales ---------------------------------------- 5.2.3. 1.4

type of information ---------.------ ---------------- -- 5.2.3. 1.3

types of scale indicators ------------ c--------------- 5.2.3. l.i

use ---------------------------------------------- ---- 5.2.3. i.2

Scale markings ------------------------------------------ 5.2.3. 1.5

intermediate marks ---------------.------------------- 5.2.3. 1.5.2

graduations ------.-----.----------.------------------ 5.2.3. 1.5.1

Scale marks and numbers, relative position of ----------- 5.2.3.2.3.6

Scale , single only (graphic displays) ------------------- 5.15.3.6.27

Scale reading and pointer movement
circular scales -------- ---------------------=-------- 5.2.3.2.3.1

curved, horizontal & vertical straight --------------- 5.2.3.2.4.1
Scaling, consistent (graphic displays) ------------------ 5.15.3,6.26

Scanning cues, tabular data
column -------.--.------------------------------------ 5.15.3.5.13

row -------------------------------------------------- 5.15.3.5.14

Scope, MIL-STD-1472D --------------------------------- --- 1.1
Screen luminance, CRT displays ------------------.------- 5.2.4.3

Screwdriver adjustments, blind (design for maintainer) -- 5.9.3.2
Scrolling

definition ------ ------------------------------------- 3.56

display format ----- ----- ----- ------------------------ 5.15.3.1.11

Seat
belts ----------------------------------- ----.-------- 5. 12.2.7

padding ---------------- ------------------------------ 5.12.2.6

pan ---.--.-------------------------------------------- 5. 12.2.5
passenger (aerospace vehicles) ------------.---------- 5. 14.2.4.9

Seat reference point (SRP), definition ------------------ 3.S7
Seated body dimensions, anthropometric data ------------- 5.6.2
Seated operations, workspace design --------------------- 5.7.3

control placement, normal ----- ----- ----- ---------- --- 5.7.3.9

control placement, special --------------------------- 5.7.3.10
display placement, normal ---------------------------- 5 7.3.6

geating ------ ------ ------ ------ ------ ------ ------ ---- 5.7.3.4
warning displays --------------.------------.--------- 5.7.3.8
work surface height ------------------------ ----- ----- 5.7.3.2

41
24
23
42
24
24
184
42

260
37
37
39
39
39
39
39
39
39
42

260

41
42

260

258
258

1
45
184

223
223

223
242
15

132
146
147
147
14?
147
147
)46
147
146

363

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MIL-STD-i472D

INDEX
Paragraph Page

work surface width and depth ------------------------- 5.7.3.1 146

writing surfaces -------- -------------------------.--- 5.7.3.3 J46

Seating, ground/shipboard vehicles ---------------------- 5.12.2 223

back-rest angle -------------------------------------- 5.12.2.4 223

dimensions and clearances ------------------------ ---- 5.12.2.1 223

horizontal adjustment ----- ------ ------ ------ ------ --- 5.12.2.3 ~13

seat belts ------------------------------------------- 5.12.2.7 223

seat padding --------------------------------- ------- -- 5.12.2.6

seat pan --------..------------------------------------ 5.12.2.5

vertical adjustment ----- ----------------------------- 5.12.2.2

Seating, workspace design ------------------------------- 5.7.3.4

armrests -------------------------------------.------- 5.7.3.4.5

backrest ----------------------------- ---------- ------ 5.7.3.4.3

compatibility ---.--------------------------- --------- 5.7.3.4.1

cushioning --------------.------------------- --------- 5.7.3.4.4

vertical adjustment .-.---..----------------------.--- 5.7.3.4.2

Seating and restraint, aerospace vehicle ---------------- 5.i4.2.4

access to foot controls ----.-------.----------------- 5.14.2.4.5

avmrests --------------------------------------------- 5.14.2.4.7

backrest ---------------------------------------------

general ------------------------------------.------ ---

he~ght -----------------------------------------------

leg room - - - - - - - - - -. - - - - -- - - - - - -- - - - - -- - - - -- -- ----- - --.
passenger seats -----------.--------------------------

swivel adjustments ------- ------------------------ ----

vertical and horizontal (fore and aft) adjustments ---
Seating area, large screen optical projection displays --

Securing of covers .--------------------e------.---------

5.14.2.4.6
5.14.2.4.1
5.14.2.4.4
5.14.2.4.8
5.14.2.4.9
5.14.2.4.3
5.14.2.4.2
5.2.6.6.2
5.9.8.]

Security, data protection
automated measures ----------------------------------- 5.15.8.13.1

classification displayed ---.--------------- ---------- 5,15.8. 13.5

data ---------------------------------.-------------.- 5.15.8.13

warning of threats to --------.--------------------- -- 5.15.8.13.2

Segmented displays ---------------------------------- ---- 5.2.6.8

Segments, vertical/stacked (consoles) ------------------- 5.7.6.2

Selecting, graphic displays

from displayed attribute -------------.--------------- 5.15,3.6.11

graphic elements ------------------- --.----------- ---- 5.15.3.6.10

Selection, console -------- --------------.----------- ---- 5.7.5.4

Selectlon, controls ---------------.----------- --------- - 5.4.1.1

detent controls -------------------------------------- 5.4. 1.1.4

distribution of workload ----------------------------- 5.4. 1.1.1

multirotatlonal controls ----------------------------- 5.4. 1.1.3

stops ------------------------------------------------ 5,4. 1.1.5

223
223
223
146
147

146
146
146
146
241
241
242
242
241
241
242
242
241
24J
50
186

275
275
275
275
52
156

259
259
153
67
67
67
67
67
67

Select~on, h~ghlighted opt~on, feedback ----------------- 5.15,5.6 271

Selectlon, Interactive controls -.-----.----------------- 5. 15.4.2.2 266

devices ----- -------------------.---------- ----------- 5. 15.4.2.2.1 266

series entry --------.-------------------------------- 5. 15.4.2.2.3 266
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segregating real f~oni
--------------------------------
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------
-----

----.-
- - --- -

----

-----

shape -
ewing ,

----- ----

pmenthandl ingremote equl

stops
controlS ------ ---------------------------------------
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---------------------------------------

Subassemblies , equipment labellng
-----------------------

Subject term (key word) listlng -------------------------
Substitution, default ------ ------ -----------------------

Supplementary verbal labels, graphic interaction
------ --

5.4.2.2. 1.3
5.5.5.3
5.2.6.6.4.1
5.5.6.1
6.3
5. 15.7.3
5. 15,4.8.3

81

123
51

124
279
273
271

Support
limb, ball control ---

_--------------------------- ---- 5.4.3.2.4.3 111

limb, levers
------------------ 5.4.3.2. 1.4 105---------- ------- ----- -

tracking, hand, WISt or forearm --------------
------- 5. 11.2.4 216

Supportive funct~on - audio, audio displays
------------- 5,15.3.8.3 263

Surface
colors
grasp
pedal ,
work ,
work ,
work .

----- --- ----- ----------------------- 5.7.9

----------------------- --------- ---- 5.9. 11.5.4

----- ----- ----- ---- ----------------- 5.4.3.2.8.6

163
203
116
146
145
146

----- -
-------- - -- -
lip --

(seat
ng ope
and de

non-s
height
~tandi
width

ed operations) _-------------------- 5.7.3.2

rations -------------------- ----
---- 5.7.2.1

pth (seated operations) ‘----------- 507”301
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writing (seated operat~ons) ------- ------- ------- -----

Surface colors, workspace design ------------------------
Air Force -------------.------------------------------

Army -------------.---------------------------- -------

Navy ---..------ .------.--------------------- ------ ---

Surface dimensions, body (anthropometric data) -------- --

Surface, hand and foot (Inclines and stairs and ladders)
Surfaces

adjacent, CRT displays -------------------------------
luminance range of adjacent, CRT displays --4---------

Survival requirements, ejection system -----------------

Susceptibility to abuse, conductors .------------ --------

Switch
foot-operated ---------------------------------- ------

key operated ------------------------------------------

iegend ------------------------- ‘---------------------
printed circuit controls -------------------------.---

rocker -----------------------------------------------
rotary selector --------------------------------.-----

slide controls .--------------------------------- -----

toggle controls .-------------------------------*-----

Symbo 1
brightness, head-up displays -------------------------

definition, dot matrix/segmented displays ‘------.-----

display coding ------ -------------------.-------.----.

electroluminescent displays -------------- ------------

line width, head-up displays ------------ -------------

pictorial, graphic displays ------------------ --------

sizes, dot matrixlsegmented displays -----------------

special, display coding ----------------------.-------

Symbology, coding (visual dispiays) ------ ------ ------ ---

System
number, interactive control ---------------------------

response tlate----- ---- --------------------- ----------

status , user-computer interface --------- -------- -----

Systems , ejection (aerospace vehicles) -------.----------

Systems and equipment, small ---------z------------------

Paragraph

5,7.3.3

5.7.9
5.7.9.3

5.7.9.1
5.’7.9.2
5.6.2
5.14.3.5.2

5.2.4.8
5.2.4.5
5. J4.4.3.7
5.9. 13.6

5.4.3. 1.2
5.4.2. 1.2
5.4.3. 1.5
5.4.3. 1.9
5.4.3. 1.6
5.4.2. 1.1
5.4.3. 1.7
5.4.3. 1.4

5. 14.1.1.5.2
5.2.6,8.3
5. 15.3.3.6
5.2.6.9.2
5.14.1.1.5.6
5.15.3.6.24
5.2.6.8.4
5. 15.3.3.6.1
5.2. 1.5.4

5.15.4.1.10
5.15,9
5. 15.1.4
5. 14.4.3
5.11

Page

146
163
163
163
163

129
243

45
45

245
206

88
75
97

104
97
74
99
94

239
52

256
53

240
260
52

256
32

265
275
247
244
213

T

Tab controls, text/program editing ---------------------- 5.15.3.7.4.3 261

Tabular data, data display ---- -------------------------- 5.15.3.5 257

alphanumeric grouping ------ ----------------- ----- ---- 5. 15.3.5.0 258

arabic numerals .---.---------------.--------.-------- 5. 15.3.5.6.4 257

●rrangement ---------.----------- ---------------- ----- 5.15,3.5.3 257

column scanning cues --------------------------- .----- 5.15.3.5.13 258
consistent column spacing -------.------------- ------- 5.15.3.5,12 258
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dist~nctive and informative labels ------- ------- ----- 5.15.3.5.9

hierarchic structure for long lists ------------------ 5.15.3.5.6”6
horizontal extension ----- ----- ----- ----- ------------- 5. 15.3.5.5

justification of numeric entry ‘---------------------- 5.15.345.10
labellng units of measurement ------------------------ 5.15.3.5.11
lists ---------- ----- ----- ---------- ----- ----- ----- --- 5.15.3.5.6

list llnes ------------------------------------------- 5.~5035.6”1
marking multiline items in a llst -------------------- 5.15.3.5.6.3
numeric punctuation -----.---------------------------- 5.15!3.5.7
row scanning cues ------ ------------------------------ 5.15,3.5.14

standard formats --------.---------------------------- 5.15.3.5.2
titles ----.------ ------------------------------------ 5.15.3.5.4
use --------------- ----- ------------------------------ 5.15.3.5.1
vertical ~xten~ion -------------------- --------------- 5.15.3.5.6.2

vertical ordering in multiple columns ---------------- 5.15.3.5.6.5
Take-up device, plotters and recorders ------------------ 5.2.6.4.4

Take-up provision, printers ----------------------------- 5.2.6.3.5
Tape displays, moving (moving scale inculcators) --------- 5.2.3.3.6
Tapes, printed (tape displays) --------.----------------- 5.2.6.3.8
Task-oriented wording, interactive control -------------- 5.15.4.7.4

Techniques
command editing, standard (command language) ----- ---- 5.15.4.5.11
coding, visual displays ------------.--------,---.---- 5.2. 1.5.2

Telescoping ladders, mechanical hazards ----------------- 5. 13.7.2.2

Temperature uniformity ---------------------------------- 5.8.1.5
Terminals, battery (automotive subsysteul -------------- 5.12.9.1.4
Terminology, consistent (promPts) ----------------------- 5. 15.6.6

Terms , equipment labeling ------------------------------- 5.5.6. 1.3

Test, circuit (audio displays) -------------------------- 5.3.1.5
Test equipment, accessibility --------------------------- 5.9.4.3

Test equipment, design for maintainer ------------------- 5.9.16

instructions ------ ------ ----------------------------- 5.9. 16.2

storage -------------------------- ‘------------------- 5.9.16”]
Test points, design for maintainer ---------------------- 5.9.15

adjustment ---------- ----- ----- ----------------------- 5.9. 15.1

~rking and color coding ----------------------------- 5.9. 1s.3
trouble-shooting ------------------------------------- 5“9. 15.2

Test provision, flags ------------------------ ----------- 5.2.6.5.7
Testing

dot matrix/segmented displays ----- ----- ----- ----- ---- 5.2.6.8.9
lamp, LEDs -----__---------------------_--------------- 5.2.6.7.5
1amp, transillumlnated displays ---------------------- 5.2.2. l.~4

Testing and servicing, connectors ----- ----- ----- ----- --- 5.9. 14.9
Text

displayed as printed, textiprogram editing ----------- S015.3.7.12

edit commands, text/program editing ------------------ 5. 15.37.4.1
entry , definition ------------------------------------ 3.68

Text/program editing, data display ---------------------- 5,15.3.7

automatic line break ----------------------- ‘--------- 5.15.3.7”8
buffer -----------.----------------------------------- 5. 15.3.7.1

Page

258
257

257
258
258
257

257
257
257

258
257

257
257
257
25?

49
48
44
48

270

270
32

236
167
231
273
126

55
185
208
208
208
207
207
208
207

50

53
52
34

207

262
261
16

261
262
261

374
—

Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z
Check the source to verify that this is the current version before use.



MiL-STO-1472u

INDEX
Paragraph Page

control annotations .----------.-------------------- -- 5.15.3.7.13 262

control entries -.----------------------.-------- ----- 5.15.3.7.5 262

display window ---------------------- ----------------- 5.15.3.7.3 261

editing commands ---------- --------------------------- 5.15.3.7.4 261

flexible printing options ---------------------------- 5.15.3.7.14 262

format control ----- ----- ----------------------------- 5.15.3.7.9 262

frequently used text --------------------------------- 5.15.3.7.11 262

head- and foot-of file -------------------------------- 5.15.3.7.15 263

highlighted text -----------------.------------------- 5.15.3.7.6 262

predefine formats .--------------- ------- ----.--.---- 5.15.3.7.10 262

program edit commands -------.----------------.--.---- 5.15.3.7.4.2 261

presentation mode - ---- - - -- --- - - - - - - - - --- - -- - - - - - . - -- - 5. 15.3.7.2 261

string search ---------------.-.-e-------------------- 5. J5.3.7.7 262

tab controls -------------------------------------- --- 5.i5.3.7.4.3 261

text displayed as printed ------------------ ---------- 5.15.3.7.12 262

text edit commands ---------------------------------- - 5.15.3.7.4.1 261

Thermal
contact hazards -------------.------- ----------------- 5.13.4.6 234

control, personal equipment -------------------------- 5.8.1.6 167

tolerance and comfo~t zones -------------------------- 5.8.1.7 169
tolerance zones, limited -------------.--------------- 5.8.1.8 169

Thickness, llnes (retitles) ---------.------ ------ ------- 5.11.3.11.1 218
Threats to security, warnings of (data protection) ------ 5.15.8. 13.2 275
Threshold viewing, iii-i-nation for --------------------- 5.10.5.2 212

Thumb-finger strength, high-force controls ‘------------- 504.402 161

Thumbwheei control, continuous adjustment --------------- 5.4.2.2.3 84

dimensions, separation and resistance ---------------- ~.4.2=2.3-~ 84

labeling and visibility ---------------------- -------- 5.4.2.2.3.5 94

OFF posltlon -----*-------.------------------------- -- 5.4.2.2.3.6 84

orientation and movement --------------------------- -- 5.4.2.2.3.2 84

turning aids -----.--------.----------“----.---------- 5.4.2.2.3.3 84

use ---.----------.---------z----------c-------------- 5.4.2.2.3.1 84

Thumbwbeel control, discrete ---------------------------- 5.4.2. 1.3 7?

application ------- ----------------------------------- 5.4.2. 1.3.1 77

coding ------.----------------------- ----------------- 5.4.2. 1.3.3 79

dimensions ---------------------------------------..-- 5.4.2. 1.3.7 79

direction of movement --------------------- ----------- 5,4.2. 1.3.4 79

external illuminance ------.------.------------------- 5.4.2. 1.3.5.2 79

internal illuminance --------------------------------- 5.4.2. 1.3.5.1 79

numerals ------z------.------------------------------- 5,4.2. 1.3.5 79

resistance -----.----------------------------- -------- 5.4.2. 1.3.8
separation ----.-----------.----------- --------------- 5.4.2.1.3.9
shape -------------------------------.---------------- 5.4.2. 1.3.2
vis~bllity ---------------..--------------------------- 5.4.2.1.3.6

Tie downs, trailers --------.--------.----------- -------- 5. 12.7.1.3
Time

evacuation, emergency evacuation --------------------- 5. 14.4.1.2

lag, control/display integration --------------------- 5.1.3.2.
minimization of, control display movement rat~o ------ 5.1.4.1
reverberation, reduction of --------------------.----- 5.8.3.4.3
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response, interactive control ----- ----- ----- ----- ---- 5.15.4. l.i 263
response, induced keyboard lockout ------------------- 5.15.4.1.1.1 264
system response, user-computer interface ------------- 5.15.9 275

Time-consuming processes, feedback ----- ----- ----- ------- 5.15,5.9 272
Timeliness, information (visual displays) --------------- 5.2.1.3.10 28
Timely display, keyboard --.----------.------------------ 5.15.2.2.3 250
Tip configuration, pointers ----------------------------- 5.2.3. 1.7.2 39
Tires , automotive subsystems ---------------------------- 5. 12.9.2 Q3]

dual tires ------ ------ ----- -------------------------- 5s12.9.2. l 231
spare tires -.----------------------------- ----------- 5.12.9.2.2 231

Title, display (display format) ----.-------------------- 5. 15.3.1.9.1 253
Titles

menu selection -----------------------------.--------- 5.15.4.2.2.2 266
tabular data ---------------------- ------------------- 5.15.3.5.4 257

Title9 and labels, d~splay format ----.-----------------. 5.!5.3. 1.9 253

Toggle switch controis ------ ---------------------------- 5.4.3. 1.4 94
accidental actuation ------- --------- -------- --------- 5.4.3. 1.4.2 94
dimensions, resistance, displacement, and separation - 5.4.3. 1.4.3 94
orientation ------- -------------- --------------------- 5.4.3. 1.4.5 97
positive indication ----------------- ----------------- 5.4.3. 1.4.4 94
use ---------- ----- ----- ----- ------------------------- 5.4.3. 1.4.1 94

Tolerance, thermal -------------------------------------- 5.8. 1.’7 169
Tongue-and-slot catches ----- ---------- ----- ----- -------- 5.9. 10.2 191
Tool access dimensions, accessibility ------------------- 5.9.9.5. 1.3 187

Tools
hand , electrically-operated (electrical hazards) ----- 5.13.7.1.6 236
insulation of, electrical hazards -------------------- 5.13.7.1.1 235
mounting of field removable ite- -------------------- 5.9t 12.2 203
special, definition ------ ------ ------ ------ ------ ---- 3.60 15
special, design for maintainer ----------------------- 5.9.1.2 183

special, placards ------------------------------ ------ 5.13.2.4 233
standard, definition --------.------------------------ 3.66 16
use --------------------------- ----------------------- 5.9.4.3 185

Torque
fastners, high -----------------------------.--------- 5.9. 10.5.1 191
fastners, low ---------------------------------------- 5.9. 10.2 191

~ knobs -------------- ------------- --------------------- 5.4.2.2. 1.2 81
labeling ---------------------------------------.----- 5.9. 10.8 192

Touch-screen controls for displays ---------------------- 5.4.6 119
dimensions and separation ---------------------------- 5.4.6.4 119
luminance transmission ------------------------------- 5.4.6.2 119
positive indication ---------------------------- ------ 5.4.6.3 119
resistance ------.----- ----z- ------- ------------.----- 5.4.6.5 120
use ---------------------------------------------.---- 5.4.6.1 119

Toxic hazards --------------------------------------.---- 5.13.7.4 237
carbon monoxide ----- ----- ---------- ----- ----- -------- 5.13.7.4.2 237
general --------------------------- ------------------- 5.13.7.4.1 237
radiation -------m------------------.-----------------. 5.13.7.4.3 227

Tracking, moving scale indicators ----------------------- 5.2.3.3.5 44
Tracking, small systems and equipment ------------------- 5.11.2 215
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compatibility -------- ------ ------ ------ ------ ------ --

crank size -------------- ---------------- ~----....----

gunner environment -------------------------------- ---

supports ------- --------------------------------------

two-dimensional tracking --------------------------- --

Traffic, mixed (ramps) ----------------------------------

Trailers ----- --------------- --------------------- -------

brake controls ------------------------- -------- ------

landing gear lock ---- - - - - - -- - - - --- - - -- -- - --- -- ---- - - -

positioning controls ----- ----- --------------------.--

tie-downs ---------------.----------- -----------------

Trailers, vans, and intervehicular connections ----------

Transaction, definition ---- ------------------.----------

Transilluminated characters, stroke width (labeling) ----
Transilluminated displays --.------.----------.-------- --

color coding ----------- ------------ .----.------------

c0ntFa8t within the indicator ------------------------
equipment response -----------------------------.-----

false indication or obscuration ----------------------
flashing lights --------.-----------------------------

general ---- ----------------------------- -------------

grouping -----------------------.---------------- -----

indicator covers ----.--------------------------------.
information ----------------------- ------ -------------

lamp redundancy -----.--------------------------------

lamp removal, method --------.-------------------- ---.

lamp removal, safety ---------------------------------

lamp testing ---.------------.-------------------- ----

location ----------------------------------- --.-.----.

location, critical fun=tion~ -------------------------

luminance ----.---------------------------------------

luminance control ------------------- -------- -s-------

maintenance displays ---------------------------------

positive feedback ----- --------.----------------------

use --------------------------------- ---z ------- .-.---

Transilluminated panel assemblies ---.-------------------

brightness ---.--------.------------------------------

large, single pictorial graphic panels ------------.--

re-larnping --------------------------.----------------

use ----------------------- ------------------------ ‘--
Transillumination, definition -------- -------------------

Transmission
data and messages, user-computer interface ---.-------

differences, luminous (binocular/biocular) ---.-------

equipment, speech --------.--------------------------.

luminous, optical quality ----------------------------

Transportability by personnel, small systems/equipment --
Travel path, pedal -----~--------------------------------

Trend lines, graphic displays -.-------------------------

Trouble-shooting, test points -------------------.--------
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5.11.2.5
5.11.2.2
5.11.2.1
5.11.2.4
5.11.2.3
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5. 12.7.1
5.12.7.1.1
5.12.7.1.4
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5.2.2.4.1
3.’?0

5.15.11
5.11.3.13.4
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5.4.3.2.8.4
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5.9. 15.2
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Tube , cathode ray (CRT) dlspiays ------------------------ 5.2.4

Tube line identification, safety labels and placards ---- 5.13.3

Tunnels, personnel ingress and egress ------------------- 5.14.3.3
diameter -------- ----------.-------------------------- 5.14.3.3.1

personal equipment space ----------------------------- 5. 14.3.3.2

Turning aids
continuous adjustment thumbtieei controis ------------ 5.4.2.2.3.3
handwheels ------------------------------------------- 5.4.2.2.5.2

Turn signals, automotive subsystems --------------------. 5.12.9.3

Turns, number of (fasteners) ---------------------------- 5.9. 10.6

Two-dimensional tracking, smail systems and equipment --- 5.11.2.3
Two element s~gnal, audio displays ---------------------- 5.3.2.2.1

Two person carry, portability --------------------------- 5.11.1.1.4

Type, signaA (audio displays) --------------------------- 5.3.1.2

Type of
information, scale ~ndicators ------------------------ 5.2.3. 1.3

opening, physical access ----------------------------- 5.9.9.5. 1.6

voice, vocal criteria ------------------------.------- 5.3.5.3.1

Types, other visual displays --------------------------.- 5.2.6. 1.1

Types of scale indicators -------------- ----------------- 5.2.3. 1.1

u

Underlining, display coding -----------------------------

Underscores, unused (form filling) ---------- ------------

Uniformity

illuminated sights and retlcles ----------------------
temperature, environment ------ -----.---.-------------

Unit design for efficient handling ----------------------

carrying frequency -----------------------------------

carrying limits ----- ----- ----- --------- --------------

extensions ------ --.----------------------------.-----

horizontal --------.----------------c-----------------

labeIing -----------------------------------..--------

lifting frequency ------------------------.-----------

lifting limits ------.-----------.--------------------

load size ----- ----- - - - - - - -- - - - - -- - - - - - - - - -- - - - - - - ----

object carry size - - - -- - -- - - - - - - - - -. - - - - - -- -- - - - -- --- -

obstacles ------------------------------------- -------
push and pull forces ---------------------------------

rests and stands ---------------- ------------.--------

user population --------------------------.-----------

vertical ---------------------------------------------

weight --------------.-----------.--------------------

Units, assemblies , subassemblies and parts, (labeling) --
general requirements -------------------- -------------

location ---------------------------------------------

other criteria -------------.-------------.-.---------

terms ------ ------------ ---- --------------------------.
Units, mounting of items within ----- --------------------

5.15.3.3.5
5.15.4.3.9

5.11.3.12.5
5.8.1.5
5.9.11
5.9. 11.3.6
5.9. 11.3.5
5.9. 11.2
5.9. 11.4.1
5.4).11.3.9
5.9. 11.3.2
5.9. 11.3.1
5.9. 11.3.3
5.9. 11.3.7
5.9. 11.3.4
5.9. 11.4
5.9. 11.1
5.9. 11.3.8
5.9. 11.4.2
5.9. 11.3
5.5.6.1
5.5.6. 1.1
5.5.6. 1.2
5.5.6. 1.4
5.5.6. 1.3
5.9.2
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Units of measurement, labeling (tabular data)
-----------

Unobstructed vision (windows, canop~es,
and windshields)

Unobtrusive grids, graphic displays
---------------------

Unrelated -rkings, visual displays
--------------.------

Unstabilized, unsupported handheld sights ---------------

Update rate, dynamic displays
---------------------------

Usable form, readily (display for=t) -------------------

5.15.3.5.11
5.14.1.1.4
5.15.3.6.28
5.2. 1.3.8
5.11.3.4.2
5. 15.3.4.2
5. 15.3.1.3

Use
audio d~splays

----------------------- 5.3.1.1--------------- -

ball control
-- -- .- - - - - - - - - - - -- - - - - - - - --- - -- ------ - - - - - 5.4.3.2.4.1

coding, scale indicators
-------------------.--------- 5.2.3. 1.10.1

command language~ interactive control ---------------- 5. 15.4.5.1

--------------------------- ------------------ 5.2.6.2.1
counters

----------------------------------- ------------ 5.4.2.2.4.1
cranks
directional controllers, data entry

-------- ---------- 5. 15.2.6.1

display coding, data dlaplay
------------------------- 5.15.3.3.1

dot matrix/segmented displays ‘----------------------- ~=~”~”~.~
electrol~inescent displays

-------------------------- . .

feedback, uer-computer interface
-------------------- 5: 15.5.1

filters, light
_-----------.-------------------------- 5. 11.3.15.1.2

fixed f~ction keygs data @ntrY
---------------------- 5. 15.2.3.1

flags -------.-------------.-------------- ------ ----- - 5.2.6.5.1

foot-operated controls
---------- ------------- -------- 5.4. 1.8,6.1/

foot-operated switches
------------------------------- 5.4.3. 1.2.1

form filling, interactive control
-------------------- 5. 15.4.3.1

frequency of, visual displays --------- --------------- 5.2. 1.4.8

graphic displays, data display
----------------------- 5. 15.3.6.1

graphic interaction, interactive control
------------- 5,15.4,8.1

handwheels ------------------------------------------- 5.4.2.2.5.1

high-force controls
---------------------------------- 5.4.4.1

key operated switches (KOS)
-------------------------- 5,4.2. 1.2.1

keyboards -------------------------------------------- 5.4.3. 1.3.1

knobs --------------.--------------------------------- 5.4.2.2. 1.1

large-screen displays
--------------- ----------------- 5.2.5.1

large screen optical projection displays
------------- 5.2.6.6.1

legend lights ----- ----------------------------------- 5.2.2.2.1

levers ---------------- ------------------------------- 5.4.3.2. 1.1

light emitting diodes (LEDg) -------------------------
5.2.6.7.2

light pent continuous adjustment linear controls ----- 5.4.3.2.7.1

l~ghtpen, data entry ---------------- ----------------- 5. 15.2.5.1

menu selection, interactive control ------------------ 5. 15.4.2.1

miniture controls ------------------------.----------- 5.4.5.1

pedals ----- ---------- ----- --------------------------- 5.4.3.2.8.1

plotters and recorders
------------------------------- 5.2.6.4.1

printed circuit (PC) switch controls
----------------- 5.4.3. 1.9.1

printers ---------------------------------------------
5.2.6.3.1

prompts, user-computer interface
--------------------- 5.]5.6.1

push buttons ------------------------ ----------------- 5.4.3. 1.1.1

query language, ~nteractive control
------------------ 5. 15.4.7.1

question and answer, interactive control
------------- 5. 15.4.6.1
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. . . - - - —---- --- - - - - 5

rocker sw~tches -------------------- - _ - - - - - - - - . - - - - - - - - - -- -- - 5

rotary selector -itches ----
scale indicators

----- ------------
-------------------- 5

simple indicator lights
- - -- -- -- - - -- - --- - - - -- - - -. - --- -

siide switch controis ------
- - - - - --- - - ----- -- -- -- -- ---

adjustment
- - -- - -- -- - -

thtiwheel controls, continuous -----------------------

toggie switch controls --------
touch-screen

---------

controls for displays ----------

transillminated displays ‘--
----- ----- ---.-----------

tran$ill~inated panel assembles -----------

---e-- ---

---------------

variable fuction keys. data entrY ----
se of data~ anthropowtry

--_---------------------------
---------- ------------------

adjustable dimensions ‘--- --------.-----------------

clearance dimensions ------- -----_------------

ciothing and personal equlp~nt ----
data limitations -----------

---------- ----- -----------

limiting di-nsiona ----
------------- -----.-----------

,4.3. i.6.i
.4.2. l.l.~
,2.3. 1.2

5.2.2.3.1
5.4.3. 1.7.1
5.4.2.2.~. ~
5.4.3. 1.4.1

5.4.6.1
5.z.2. l.l
5.2.2.4.1
5. 15.2.4.1
5.6.3
5.6.3.4
5.6.3.2
5.6.3.5
5.6.3.1
5.6.3.3

5.3.8.3— - ●
Jse of

de-emphaSig, multi-channel r--++nwin4

- - - - -- - -- ------ -

different characteristics, aUUA~

quick disconnect Plugs’ connector= .-: ---------- 5.9.4.3
too~ti and teat equipment’ accesglblllty ‘-~~---------- 5.2.6.8.5
upper easel dot matrix/segmented displays ,

Use , specific - -- - -- - -- - - - - - -

finger operated displacement
invsticks

finger operated isometric J
hand operated displacement
hand operated isometric jo~
th@tip/fingertip operatet
thumbtiplflngertip operateo L=”

Use with several visual displays, M=--” -
Use , ~mmmand

in?

pacing-. .
DoDulatlon’ uwwb~aa VT--Q...

5.4.3.2.2-
-An na

2.1

fY 1
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97

74
39
37 -

99
04
94
119
33
37

251
143
143
143
143
143

b w d-g - -

------------------ 5.q.a.4.d.&. L~oysticks
-----------------

joysticks
5.4.3.2.2. 1.1

- - - - - - - - - - - --- - - - -- -
ysticks

5.4.3.2.3. 1.1

d displacement joysticks ‘--
5.4.3.2.2.3.1

A ~-ometric joysticks ------
5.4.3.2.3.3.1

-.,Ain AisnLaYs ‘------” 5.3.1.7

r
definition of macro co-rids
identification, data prote

-&

input rejection, feedback
memorization, interactive
minimum memry load on, da

omissiona$ form filling ‘-L—-.

language
------

. “ —--

----
- - - ----- -- -- - -

,=.QAwn ----

- - - - . - - -- - - - - - - - - - -- - - --- - - -

5.15.4.5.
— --- 1-

--- ---- - -- - - - - - -
Control ----
~ta and message transmission-----------------------------

~ - - - - - - -- - -- -- -- --- --- - - - - - -

● ✎

selection, defaulta ------
Viewpointa command languaf- ‘-

User-computer interface ----
auto-tic log-on display

limits --_------.-----------

---------------_-------------
----- ----

gc
_ . - -- - - - - - - - - - -- -

------ ---- - - - -- - - - -- - - - -
-----

_ - - _ - . - - --- - - - - - - - -- - - -- - -- - -
----- ----- ---

——- ----- ----- ---

5.15.5.La.u
5. 15.5.7
5. 15.4.1.8

5. 15.11.3
5.15.4.3.11
5. 15.2.1.1
5.9. 11.3.8
5. 15.7.2
5. 15.4.5.2
5.15
5. 15.1.5.1
5. 15.1.2

coWuter response --------–------ ----- ----- -------------
-------.-------- ---

5.15.1

general ----- ----- --------- 5.15.1.5

~og-off procedures --------------_-
log-on delay

------ ------ --- 5.15.1.5.3
----- ---------- ----- ----- -

log-on feedback

---------- 5.15.1.5.2
----------------------------

143

63
58

206
185

52

108
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275
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248
J94
273
269
247
247
247
247
247
247
247

380

—

.- _.

..————————————————.-=
Source: https://assist.dla.mil -- Downloaded: 2017-01-20T23:20Z

Check the source to verify that this is the current version before use.



—

INDEX
Paragraph

log-on procedures ----- ------------------------------ - 5.15.1.5

on-line guidance ---------.-----------.----- ------.-.- 5* 15.1.3

standard procedures ---------------- --------------.--- 5.15.1.1
system status ..----------------------------------- --- 5,15. 1.4

Uses , audio displays (user-computer interface) ---------- 5. 15.3.8.1

v

Validation, daba entry --------------.--------- ----------

Valve controls -.------- ----------------------.--------.-

Valve8 , drain (automotive subsystems) -------------------

Vans , vehicles ---.------ --------------------------------

Variable function keys, data entry ----------------------

easy return to base-level functions --------------.---

relabeling -----------------------------------------..

reprogra-ble or inactive default functions ------ ---

shifted characters ----------- ---------.-------------.

status dizplay ----------------.----------------------

use ---.--------------.----- -------------------------.

Variable gravity, effects of (aerospace vehicle design) -
Variables, standard console design ----------------------
Vehicle batteries, electrical hazards ------------ -------

Vehicle compartments, aerospace -------------------------.
Vehicles, operational and maintenance ground/shipboard --

automotive subsystems ----------------------.---------

controls ---------.------------------ -----------------

cranes , material handling and construction -----------

fork lifts --------- ----.-----------------------------

general ----.-----.-----------------------.----------.

heating and ventilation -----.---------.--------------

operating instructions -.----------------------------.

operator’s seat, dimensions -------- ------------- -----

seating --------.---.------- --------------------------

trailers, vans, and intervehicular connections -------

visibility ------------- ------------------------------

winches ----------------------------------------------

Ventilating, environment ------- ----- -----.-------------.

Ventilation, ground/shipboard vehicles -----------------.

Verbal warning signals, audio displays .------------- ----

critical warning signals -------------.---------------

delivery style ---------------------------------------

intensity --.----.-----------------------------------.

message categories --------------------------.--------

message content --------------------------------------

message priorities --.---------------.--------- -------

nature of signals ----------------- ------------------.

speech processing -------------------------------- ----

type of voice -.--------------------------------------

5.15.2.1.5
5.4. 1.2.4
5.12.0
5.12.7.2
5.15.2.4
5.15.2.4.6
5.15.2.4.4
5,15.2.4.3
5. 15.2.4.5
5. 15.2.4.2
5.15.2.4.1
5.14.2.2.5
5.7.5.3
5.13.7.1.8
5.14
5.12
5.12.9
5.12.3
5.12.8
5,12.8
5.12.1
5.12.6
5.12.4
5.12.2.1
5.12.2
5.12.7
5.12.5
5. 12.9.4
5.8.1.2
5. 12.6.2
5.3.5
5.3.5.6.1
5.3.5.3.2
5.3.5.2
5.3.5.6
5.3.5.5
5.3.5.6.2
5.3.5.1
5.3.5.4
5.3.5.3.1
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251
251
251
251
251
251
251
240
153
236
239
223
230
223
229
229
223
220
227
223
223
229
227
231
167
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Vertical and hC
controiidis~—

Vertical extension,
Vertical order” “ “
Vertical, push
vePb4flml/stack

VeT
Vit

v
w

,

5.~3.d.~”
6.2

-- - -- -,---

jata
----- 5. 15.3.5.6.5

---------- 5.9. H.4.2

-Ancole design 5.7.6.2
------ 5.7 .6.2.2----

----- ----- 5.7.6.2.1
------ 5.2.3.2*4-----
----- 5.8.4------ — - A 1 9

7
5.8.4.1.1.J

----------
----- s.8.4.2-a---” . ● 1 A

. -------- 5.8,4. 1.1.’
---- . %

--—
:.n’laVS) ‘--

!j,2.1.4.3

- - - -------- 5.3.5.3
----- ------------

--------
L --- -- 5.i4.2.4.~

---------
~nt -------------- -------- 5J2.2.2

~ seatS ‘----, ------

grouna/dhiPboard ‘ehlc!~~-jj~~~-z ------------

5.7.3s4.2

seatinge
~rkspace dCSign -----

geatingf
)rizontal arrays

e----- 5. L2.3.2----- --.-” ~ Ii

~~ay integrat~on ‘-----~111-------

.1?

tabular data ---- tabular d

lng An muitiple coiu~s, .-.--------------

I and pu~~ fQrces . -purpose GU,.W.

~A”--
~ed seg~nts’ spec~~!--e---------------~----

height ‘-------~~~-------------~----”-
------

pane I divi$ion

straight scales, scale
indicators ----

------- -------
btical ---- ~,b.%. ’.’-

environment ----------
-------------- . 1-----

~ratiOn * ---------
~ui~~in~ ‘----------------------------------

coQfort level -------
-----

------ ------ --.--- - 5.8.4. 1.’
------ -------- ------

eqUipwnt ------ ----------- -------- 5.8.4.1.1

motion sickness ------

------ - * *.-----------------
~roficiencY ~evel ‘~~~~--------------”-~j~ ------------ ~.0.4.1.L

safety level ------
-----

----- -------- ----------- 5.8.4.~
------

vehicular -----

-_--.– . e----------. -----

whole bociy -----------

ibration, locatlon
and arrange~nt (visual dA=F-_,_ *A 1 1 5.4

‘ieW
field of!

head-up disP~ays ‘--~~~~~~;

field of* ‘pkica~ ‘~~~u~dn~~hicles) ‘--a-
ground, vlgibi~ltY

interruption
of, large screen dl:

physical

rear,
road (visibility) ‘-------~~~~;~~~:

vehicle ~visibility) ----- * n AQ6
rear ~

Viewing angle
---------

dot matrixt$egmented ‘isp~ays ‘~--------”

horizontal map around console ----.-----~-.--.

optical instruments -----remote handling equ~p!

viewing equipment,
----------.-------

viewings biocular -------

Viewing distance

--------- 5.2.4.~--------------------- --------- 5.5.5.15
_--*--- ------

-------
cRT

-.-.- ----------- 5.2.5.------- -------

labels -------:------

-----------.-- .
-------

large screen d~sPlays ‘----------------
visual displays

_-
~X imUm,
rninimUm9 visual disPlaYs ------------handl~ng equlpme

Viewing equipment’ ~~~~~~-----------------
--- -J.&v.----------

coding ‘------------------- ---------------------------

direct viewing

5.10.4. ~
------------- - ------ - 5.10.4.4------

generai ‘----~---~~=~~::~ --------------------- --------
indirect view~ng

5. 10.4.6
----------- ----- -- 5.10.4.7

lettering --------------------------------
---c--- ---

gtereo viewing -----

-----------------
-----------------

------ -------

g~~a)?g ______
------ -------
------ -- - - ---

~ol%.~.s.

5. 11.3.5
5.12.5.3
5.2.5.4
5.12.5.5
5.12.5.4

Pafle

60

24!

223
146

22
257
257

---z--------. -

----- ----
-----

------------ --,

------- --
-merit --------------

5.11.3.3
5.10.4.3
5.~1.3.13.

- —
- - . - - ---- - - - ---

----.- ---------
---------- --

!nt ------ -- - - -- - - --

5.2.1
5.2.1

5.10.
5.10.
c In

2

.3
A 1

.%.1

,4.1

4
,4.5
4.2

195
156
156
156

42
177
177
177
180
177
177
]77
177
177
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239
217
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46
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viewing angle ---
-----------------.-------------------

Viewing threshold, illumination (remote handling)
------ -

Viewpoint, user (co-rid language) ----------------------

Visibility, ground/shipboard vehlc~es -------------------
fork lifts ------- ------------------------------------

glare ~----------~------------------------------------

@round view ------------------------------------------
0- -—--–

night operation
-------------------- ---------- ------ --

rear view (road) ------------
-.-_---------------------

rear view (vehicle) ---.----- -.-----------------------
--——
vigual field

-----------------------------------.-----

windshields and windows
_-.-----.---------------------

windshield wipers and washers
------- -----------------

5. 10.4.3
5.10.5.2
5.15.4.5.2
5.12.5
5. 12.5,9
5. 12.5.6
5. 12.5.3
5. 12.5.1
5.12.5.5
5. 12.5.4
5. 12.5.2
5.12.5.7
5.12.5.8

Visibility
cranes, materials handling and construction ‘--------- 5~~2”8c6
heating and ventilation (vehicles)

------------------- 5.12.6.3

labeling, continuous adjustment thumbwheel controls -- 5.4.2.2.3.5

plotters and recorders
-------e----------------------- 5.2.6.4.2

printers .-------------------------.------------------ 5.2.6.3.2

thumbwheel controls, discrete
------------------------ 5.4.2. 1.3.6

vehicle ---------------------------------------------- 5.12.5

Visibility and legibility
labels --------- --------------------------------------. 5.5.4.3

legend lights
------. ---------_------------------ ----- 5.2.2.2.5

Vision, unobstructed (windows, canopies, and windshields) 5.14.1.1.4

Vision over top, special purpose console design
--------- 5.7.6. 1.3

Visual

acceSS. aCCeOS openings ~d covers -------------------
accomodation, optical instruments

----------- -.-------

field, location and arrangement ----------------------
field, visibility (vehicles) -------------------------
performance (windows, canopies, and windshields) -“---

Visual displays
-----.-------.---------------------------

alerting/warning
-------------------------------------

general ----- ----- ---------- ----------------- ---------

relation to, audio warnings ------------- ------ ------ -

use with audio signals
---.---------------------------

Vocal criteria, verbal warning signals ------------------
delivery style --------------------- -------------------

type of voice ----------------------------------------

5.9.9.6
5. 11.3.2
5.2. 1.4.8
5. 12.5.2
5. 14.1.1.1
5.2
5.2.1.1
5.2.1
5.3.2.4
5.3.1.7
5.3.5.3
5.3.5.3.2
5.3.5.3.1

Voice
communication, equipment, operating controls ---------- 5“3.10

communication system, intelligibility
--------------- 5.3. 12.2

level versus ambient noise --------------------------- 5.8.3.3
type of (verbal signals)

--------------------- -------- 5.3.5.3.1

Voltage exposure, electrical hazards -------------------- 5. 13.7.1.3

voltage, high (electrical hazards) ---------------------- 5. 13.7.1.4

Volume control, audio warning devices ------------------- 5.3.6.4

automatic or manual ---------------------------------- 5.3.6.4.1

caution signal controls ------------------------------
5.3.6.4.3
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227
228
228
227
227
228
228
227
228
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229
84
48
48
79
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122
36

239
153

190
216
29
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57
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ganging to mode sw~tches
---.---- 5,3 .6.4.2----- -------------- ---

voice communication equipment
------ ------ ------ 5.3. 10.1------

Warning
alerting, viguai displays

---------- ----- ------------- 5.2.1.1

displays, seated consoles -----------
----------------- 5,7.3.8

ii$htS, transillminated dlsp]ays ----------------
---- 5.2.2. l.5

placards, hazards and safe~y --
----------------------- 5. 13.2.1

definition -_----.-.----------------------- --- 3.71
signal ,
signal, master caution (def~nltion)

------------------ 3.41

signalS, audio warnings ---------------------- ---
----- 5.3.2.]

signals, critical (message categories) ‘-------------- 5“3.5”6”1
Warning devices, audio (controls for) ------------------- 5.3.6

auto=tlc or manual, volume control -------------
------ 5,3.6,4,1 “

automatic or manual shutoff
-**-- --------------------- 5.3.6.i

automatic reset
--_------------------.-.-----.-------- 5.3.6.2

caution gignal contro~~ ---------------------
--------- 5.3.6.4.3

duration ---- ------------------------ --------- -------- 5.3.6.5

duration llmits -----------------------
----- ---------- 5.3.6.6

ganging to mode switches
---.-------------------------- 5.3.6.4.2

redudant vigual warning ---------------------
-------- 5.3.6.3

volume control ---.------------------------ ----------- 5.3.6.4

Warning of threats to security, data protection
--------- 5.15.6.13.2

Warning signal characterist~cs, audio
------------------- 5.3.3

compatibility with acoustical environment, intensity
- 5.3.3.2.1

compatibility with clothing and equipment, lntenslty
- 5.3.3.2.2

discomfort, intensity
-------------------------------- 5.3.3.2.3

frequency -.-------------------------------------- ---- 5.3.3.1

intenSity -------------------------------------------- 5.3.3.2

range, frequency ----------------- ----- ---------- ----- 5.3.3. 1.1

spurious signals, frequency -------------
---------- --- 5.3.3. 1.2

Warning signals, verbal
----- ----- ----------------------- 5.3.5

critical warning slgna~s -----------------
------------ 5.3.5.6.1

delivery style
-------------------------------.-------- 5.3.5.3.2

intensity ------ -------- ----- ----- ---------- ----- ----- 5.3.5.2

message catagorles -------------------------- _
-------- 5.3.5.6

message content
------.---------------- ----- ---------- -- 5.3.5.5

message priorities
-------------.------ ---------- ------ 5.3.5.6.2

nature of signals -----------”----
-------------------- 5.3,5.1

speech processing ----------------
-------------------- 5.3.5.4

type Of Voice -------------
- - - --- --- -- --- - - -- - -- - - - --- 5.3.5.3.1

vocal criteria --------------------- --------
---------- 5.3.5.3

Wa~ningS, audio (audio displays) ---------------------- --
5.3.2

caution signals -------------------------------------- 5.3.2.3

nature of gignalg --------------------”- ------
-------- 5.3.2.2

r@iatlon to Visual displays ---------------
_--w ------- 5,3.2.4

single element 91gnal
------ -------------------------- 5.3.2.2.2

two element signals ------ ----- ----- ------------------ 5.3.2.2.1

61
64

2’?
147

33
233

16
13
55
61
61
61
61
El
62
62
62
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57
57
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warning signals
------ ---.-- ------. ------ ------ ------ - 5.3.2.1

Weight, binoculars /bioculars
------- ---------- ------.---- 5. 11.3.13.6

Weight, safety ~abels and placards
-.-----.-------.----------------------------- 5.13.2.3

capacity
center of gravity, and

------ ------------------------- 5.13.2.2

Weight, S~ll-SYSte~ and ‘quipment
portability ----.----------------------------------- --

transportability by Personnel ------:-----------------
Weight, Unit deSlgn for efficient handlln~ --------------

carrying frequency
----- ----- -------------------------

carrying limits
--------------------------------------

labeling ---------------------------------------------

lifting frequency
------------------------------ ------

lifting limits ---------------------------------------

load size --- --z--- - -- - -- .- - - - - - - - - - - - - - --- - - - --- - - - - -

object carry Size
-- - -- -- . - - - - -- - - - - - - -0 - - - - - - - -- - - . - -

obstacles ---- - -- -- - - -- - - - - - - - - - - ---- - . - - - - - - - - - - - - -- -

user population
---------------------------------- --0-

Wet bulb globe temperature (WBGT) , definition
-----------

Whole body vibration
------------------------------------

building vibrations
---------------------------- ------

comfort level
--------------------------------------- -

motion sicness
---------------------------------------.

proficiency level
------------------------------------

safety level ---------- ----------------------------- --

vehicular vibration
-------------.--------------------

Whole-body access
---------------------------------------

Wide characters, design of label characters -------------

Width, design of label characters
letter ------ ---------z----------------------- --------

numeral ------------------------------------------- ---

stroke, dark adaptation
------------------------------

stroke, normal
---------------------------------------

stroke, transill~inated characters
.-----.-----------

Width, panel (horizontal wrap-aromd console)
-----------

Width, work surface (seated operations)
-----------------

Will, definition
------------------------------------ ----

Winches, automotive subsystew
---------------------.----

cable unwinding --------------------------------- -----
———.—
clothing compatibility

-------------------------------

control location
--------------.-----------.----------

instruction plates
----------------------------- ------

operation --------------------------------------- -----

Window, display (text/program editing) ------------------
WinciowS. canopies , and windshields (aerospace vehicles) -_..—

angle of incidence -
----------------------------------

head-up displays -------------
-------.----------------

multilayered windows
---.----------- --------- ---------

unobstructed vision
--------z-------------------------

visual perfor~nce
.----------------------------------

5.1A.1. L.1
5. 11.1.2.1
5.9. 11.3
5.9. 11.3.6
5.9. 11.3.5
5.9. 11.3.9
5,9. 11.3.2
5.9. 11.3.1
5.9. 11.3.3
5.9. 11.3.7
5.9. 11.3.4
5.9. 11.3.8
3.72
5.8.4.i
5.8.4. 1.2
5.8.4. 1.1.3
5.8.4. 1.1.4
5.8.4. 1.1.2
5.8.4. 1.1.1
5.8.4. 1.1
5.7.8.3

~ 5.5.5.7
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5. 12.9.4.3
5. 12.9.4.5
5. 12.9.4.4
5. 12.9.4.1
5. 12.9.4.2
5. 15.3.7.3
5. 14.1.1
5. 14.1.1.3
5. 14.1.1.5
5. 14.1.1.2
5. 14.1.1.4
5. 14.1.1.1
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---------- 5,]2 .5.7
Windshields and W~n~ows~ ‘isibi~lt~ ‘vehicles)

Windshield wipers and washers, vlslbll~ty (veh~cles}
---- 5. 12.5.8

Word spacing, design of label characters
---------------- 5.5.5.12

Wording, task-oriented (query language}
----------------- 5,15.4.7

Words marked, markers close Lo (d~splay cocilng)
--------- 5,15.3.3

WoI’k areas and personnel platfor=
------ ------ ----- ----- 5.7,7.6

Work load, distribution of (controls) ----
---------------- 5.4.1.1.

hydraullc-operated
—-—---

Work platforx,
--.----- —— G777

Work space, aerospace vehicle compartments
-------------------------------------------

RIA?~

dimensions
layout for shared

-----.----- -------.--.--------.-----

Workspace design
--------------------------.--.----------

co-n working poaitlons -----------------------
------

depth of work area
-------------------------.“--------

general _---------------------------------------------

general, acoustical noise -----------
-----------------

handles ---- ---------------------- ------——------------

-....-. -
5.14.2.~

5.7
!5.7.4
5.7.1.3.
5.7.1
5*8.3.3
57.1.2.——— ----- -

—————- iR’TR——.-
ingress and egress

.-=------- ---------------------———— a.t.w

kick space -----.--------------------*---------.------ 5.7.1.1

large, acoustical noise
------.----------.------------ 5.8.3.3

lateral workspace ------------------------------------ 5.7.1.3

seated operations
--------- --------------------------- 5.7.3

space between
--------- 5.7.1.3

rows of cabinets ‘-------------,

special-purpose console design
----------- ------------ 5.7.6

stairs, stair-ladders, fixed-ladders,
and ramps ------ 5.7.7

standard console design
----e- .-.--------.---.-------- 5.7.5

------------ --.-----.------------- 5.7.2
standinfl operations 5.7.1.3

5.7.9

work space ------- --.-------.--------.-----.---------- 5.7.1.3

Workspace hazards, general (hazards and safety) ‘-------- 5.13.4

alertin~ device -------------
- - - - -- -- - - - - ---- - - -- - - - - - 5.13.4.

5.13.4.
5.13.4.
5.13.4.
5.14.4.
5.13.4.

--— - -
9torage space ----------------------------------------

surface colors - - ------ - z - -- -- - - - -- - - - - - - - --- - - -. - - - --

———
emergency doors and exits

.--------- ------------------

illumination
---.--------- ------------- ---------------

obstructions ------------------ -----------------------
——

stairs .-e---------e----- -------- ---------------- -----

thermal contact hazards
-------------------------.----

.4

.6.2

1

,1

.1

.3

.2

.3

.4

1
2
5
4
3
6

Work surface
height , seated operations --------- ---------.----.--.- 5.7.3.2

standing operations ------------------
---------------- 5.7.2.1

width and depth, seated operations
----- ----- --------- 5.7.3.1

Wrap-around, horizontal (console)
----- ---------- ----- --- 5.7.6.1

Wrist support, tracking equipment
----- ------------------- 5.11.2.4

Writing surfaces, seated operations
--------------------- 5.7.3.3

228

228

124

270

256 –
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XY controller, free-moving (mouse) ---------------------
- 5.4.3.2.6 113

application
------ 5,4.3.2.6.1 113-------_----~-------.---------------

dimensions and shape
--------------------------------- 5.4.3.2.6.3 114
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